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Editorials 


HEALTH EFFECTS OF AIR POLLUTION 
HE CONCEPT of health has undergone such fundamental expansion during 
° recent years that the phrase “health etfects of air pollution” no longer consti- 
tutes a usable terminology for either scientific or legal purposes. To some scientists 
and legislators health concern is still confined to serious illness and death, while 
others have accepted the broad definition of health incorporated in the preamble 
of the Constitution ot the World Health Organization. 
To clarify this situation, there is herewith proposed the recognition of five 


separate and distinct levels of health impairment which may result from air pol- 


BS lution. Stated in progressive order, they are as follows: 
1. Destruction of the Stimulating Effect of Clean, Clear Air.—At this level 
people living in an area have been deprived of an atmosphere in which they are 


able to enjoy the invigorating effects of outdoor activity enhanced by full enjoyment 
of the scenic values of an unlimited horizon. 
a 2. Interference with Comfort.—This level of effect is embodied in the historic 
common law concept of nuisance, described as “interference with the comfortable 
7 enjoyment of life and property.” .\t this level of air pollution one can still etfec- 


tively carry on the normal pursuits of living but has a continuous sensation of dis- 
cernible insult to the olfactory senses or mucous membranes. 
3. Interference with Normal Performance.—Customary activities, though still 


possible, are at this level measurably interfered with. School children are inat- 
tentive and restless; industrial and office workers are less efficient ; and drivers of 
motor vehicles are operating below par. 

4. Occurrence of Demonstrable Illness.—At this level tangible signs of morbid- 
ity, such as headache, nausea, malaise, and shortness of breath, may appear, with or 
without direct evidence of physiological damage or systemic effects. 

5. Death. 

It is believed that the utilization of this terminology in place of the vague 


expression, “adverse health effects,” will stimulate accurate and precise observations 
leading to a workable knowledge of animal physiology related to air pollution and 
will stimulate the development of objective standards of air pollution associated 
with effects on animals. 

Corollary to a scrutiny of the range of effects of air pollution on animals is a 
consideration of effects on plants, not only for their importance per se but as sensi- 


tive and independent manifestations of damage to living tissue. Levels of plant 
damage should, therefore, be studied simultaneously with levels of damage to ani- 


mals and the two sets of findings cross referenced so that each may reinforce the 
other. FRANK M. SreAp, 
State of California Department of Public Health, 
Division of Environmental Sanitation, 
Berkeley 4, Calif. 
Recorded for publication June 29, 1955. 
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P hotomicrography 


of Air-Morne 


R. D. CADLE, Ph.D. 
and 
E. J. WIGGINS, Ph.D., Menlo Park, Calif. 


Most methods for determining the sizes, 
shapes, and concentrations of air-borne parti- 
cles involve collection of the particles fol- 
lowed by microscopic examination. Such 
techniques are satisfactory for many pur- 
poses, but they possess several shortcomings. 
They tend to change the size distribution of 
the particles, since the collection efficiency 
varies with particle size. Also, such methods 
may shatter or deform delicate particles or 
cause solidification of supercooled liquid 
droplets. 


During the last few years equipment has 
been developed in these laboratories which 
makes possible the photomicrography of air- 
borne particles without removing them from 
the air. The apparatus is especially useful 
for preparing photomicrographs of particles 
from 2 to approximately 100 in diameter. 
Objective lenses with theoretical limits of 
resolution as low as 0.354 have been used 
successfully. The photomicrographs have 
been used to determine sizes, shapes, and 
concentrations of the particles. The apparatus 
for making such photomicrographs is de- 
scribed in this paper. 

Cameras which are designed for photog- 
raphy of cloud and spray droplets are de- 
scribed in the literature.* These devices are 
excellent for the purpose for which they 
were designed, but they have a much lower 


Received for publication June 27, 1955. 

Stanford Research Institute. 

This paper reports work done under contract 
with the Chemical Corps, U. S. Army, and with 
the Air Force Cambridge (Mass.) Research Center. 

* References 1 to 4. 


584 


over-all resolving power than the instrument 
described here. 
GENERAL REQUIREMENTS 

Requirements for the direct photomicrog- 
raphy of suspended particles include those 
for the photomicrography of particles col- 
lected on microscope slides, i.e., a micro- 
scope, a camera body and film holder, and a 
light source. However, there are two charac- 
teristics of air-borne particles which add 
complications not encountered during con- 
ventional photomicrography. These charac- 
teristics are (a) the particles are in motion 
and (/) the number of particles in focus at 
any given time when a microscope objective 
is used is generally very small; therefore, 
there may be only a small chance that an 
aerosol particle will be in focus at any given 
time. 

The instruments developed in these labora- 
tories possess the following characteristics, 
which to a large extent overcome these 
difficulties : 

(a) Short exposure periods (1 to 10 
microseconds) and high intensity illumina- 
tion (about 2.5 « 10* lumen-seconds per 
flash) are employed. 

(b) Darkfield illumination is provided by 
means of a flash tube and suitable lens sys- 
tem. A large number of flashes are used to 
expose each film so that a number of images 
of particles are obtained on each negative. 
This feature is very important, since it per- 
mits the use of objective lenses having rela- 
tively high resolving powers but correspond- 
ingly small depths of field (Table 1). 

(c) The flash repetition rate is high (sev- 
eral per second) so that numerous exposures 
can be obtained on each negative in a rea- 
sonable period of time. 


DETAILS OF CONSTRUCTION 


Two models of the photomicrographic ap- 
paratus have been constructed. One, designed 
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TABLE 1.—Properties of Objectives 


Flashes 


Required 
to Obtain 
Numerical Theoretical Images 
Aperture Limit of Volume in of 100 
(N. A.) of Resolu- Depth of Focus, Particles, 
Objective tion,* u Field,t « Mm.* No. 
0.10 28 28 0.99 10 
O15 1.8 0.19 53 
0.2 ll 4.2 0.024 420 
Ot 0.6 10 0.0014 7,100 
O.85 0.3 02 0.0001 100,000 


* Caleulated from the formula \/2 N.A., where \ is the 
wave length of the illumination and is assumed to be 
0.55 

+t Caleulated from the formula c/tan (A.A./2), where c is 
the diameter of the “circle of confusion” which one is will- 
ing to accept and has been chosen to equal the limit of 
resolution, and A.A. is the angular aperture. The angular 
aperture can be caleulated from the numerical aperture 
using the formula 2 sin-! N.A. 

$ Calculated on the assumption that 5 by 7 in. film is 
used and that the magnification is * 250 N.A. 

§ Calculated on the assumption that the aerosol con- 
centration is 10* particles per cubie centimeter. 


primarily to photograph particles of ice fog 
in Alaska, was built for the Air Force Cam- 
bridge Research Center (Fig. 1). The other, 
designed for more general use, was built for 
the Army Chemical Corps (Fig. 2). The lat- 
ter instrument operates with either cut or roll 
film. It is equipped with an elaborate timing 
mechanism for periodically advancing the 
film and starting the flash cycle. This system 
is not described in this paper, because it is 
not essential to the operation of the instru- 
ment. Various timing devices could be in- 


PARTICLES 


corporated, depending upon the requirements 
of the user. 


A diagrammatic sketch of the camera body, 
microscope, and light screen of the ice fog 
instrument is shown in Figure 3. The body 
tube length of the microscope is the con- 
ventional 160 mm., and the sketch is scaled 
accordingly. Various objective lenses have 
been used, including microscope objectives 
and low-focal-ratio camera lenses. The latter 
should be used in a reversed position to take 
advantage of their corrections because of 
the short object-to-lens distance employed in 
photomicrography. Objective lenses found to 
be particularly useful were a 0.25 numerical! 
aperture (N. A.) microscope objective (when 
particle concentrations exceed 10* particles 
per cubic centimeter). Table 1 gives informa- 
tion which can be used to determine the 
choice of objective lens. A 6 Huygenian 
ocular is used with both models. This pro- 
vides sufficient magnification that the limit 
of resolution of the objective, rather than the 
limit of resolution of the film, controls the 
resolution obtained. 


The microscope is built into the camera 
body, which is a wooden box in the case 
of the ice fog model and an aerial camera 


Fig. 1—Model designed for Air Force Cambridge for direct photomicrography of ice fog 


particles. 
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TLIGHT SCREEN OBJECTIVE 


“TARGET FOR 


ALIGNING CAMERA 
AND LIGHT SOURCE 


in the case of the Chemical Corps model. 
The cameras use 5 by 7 in. cut film or 7 in. 
aerographic roll film. Any high-speed mod- 
erate-grain film, such as Eastman Super XX 
or Tri-X, is used. The cameras are provided 
with ground-glass screens which are used 
to focus the microscope on a “target” placed 
in the beam of light from the flash tube. 
The target, which consists of a piece of 
metal rod flattened on one side, is removed 
after the microscope is focused. 

The air-borne particles pass through the 
field of view of the microscope as a result 
of natural convection of the air. 

Extraneous light is prevented from enter- 
ing the objective lens by a light trap con- 
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Fig. 2.—Model designed for Army Chemical Corps. 
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Fig. 3.—Sketch of microscope and camera body of the instrument pictured in Figure 1. 


sisting of a hollow ball, painted black on the 
inside, and having a circular hole facing the 
lens. The hole is sufficiently large to include 
the cone defined by the lens aperature and 
the focal point of the lens. Thus, all the lens 
“sees” in the absence of illuminated particles 
is the black interior of the ball. No shutter 
is required, the only shuttering action being 
provided by the flash itself. 

The flash tube is a General Electric FT 127 
gas discharge tube. It is a straight quartz 
tube about 20 cm. long and 0.6 cm. o. d. It 
was chosen because of its geometry, high 
voltage rating, and high electrical impedance. 
It is mounted in a housing and cooled by 


means of a small blower. A lens system is 
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used to condense the light from the flash tube 
and project a narrow light beam which 
illuminates the field of view of the objective. 
The condensing system used with the ap- 
paratus built for the Chemical Corps is 
shown in Figure 4. The lenses are all 
spherical except for the one farthest from 
the flash tube, which is a cylindrical lens 
ground from a short piece of horosilicate 
glass rod. This system produces an intense 
light beam about 0.5 mm. wide. 

The illuminating system and light trap 
of the ice fog instrument are mounted on a 
pivoted arm attached to the base which 
supports the rest of the optical equipment. 
The optical equipment of the Chemical Corps 
instrument is mounted on a metal-covered 
plywood base. The camera body and light 
screen are mounted on a separate base which 
can be rotated about an axis which passes 
through the focal point of the objective. This 
permits some control of the angle which the 
illuminating beam makes with the axis of 
the microscope and camera body. The cam- 
era body (and microscope) can be moved 
backward and forward on its base to permit 
rough focusing of the objective on the illumi- 
nating beam. More precise focusing is ob- 
tained by moving the microscope body tube, 
which is mounted in the camera body, by 
means of a focusing knob. 

None of the commercially available power 
supply systems satisfied the requirements for 
flash duration, intensity, and repetition rate 
described above. Flash-tube light sources 
producing flashes as short as 1 microsecond, 
at repetition rates up to several thousand per 
second for short periods, have been developed 
for ballistic photography by the United 
States Naval Ordnance Test Station, at 
Inyokern, Calif. These light sources operate 
by charging a capacitor to a high voltage, 
then allowing it to discharge through the 
flash tube by triggering a hydrogen thyratron 
switch tube.” .\ modification of this system 
has been designed and constructed. The re- 
sulting light source system is capable of 
producing light pulses of approximately 2, 
4, and 10 microseconds duration for long 
periods at repetition rates up to 100 flashes 
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PHOTOMICROGRAPHY OF AIR-BORNE 
per second. The power supply delivers pulses 
of about 20,000 volts to the flash tube, pro- 
ducing an estimated peak light output of 
about 140,000,000 lumens. 

The circuit diagram for this system is 
shown in Figure 5. 

The power supply system consists essen- 
tially of three units: a power supply unit, 
a thyratron unit, and a control unit. 

The power unit comprises a conventional 
full-wave rectifier supply delivering 6 to 12 
kw. at 200 ma. The maximum power require- 
ments for the complete system are approxi- 
mately 2.8. The power unit is controlled by 
a magnetic contactor operated from a toggle 
switch on the control panel. A retarded reset 
timer with 15-minute delay then holds off 
the plate voltage supply until the rectifier 
filaments have heated and the hydrogen 
thyratron has reached operating conditions. 
Overload protection is provided by a time 
overcurrent relay on the input to the power 
unit and a D. C. overload relay in the center 
tap of the plate transformer. A 4+ microfarad 
filter capacitor is used to reduce current 
surges through the rectifier and to deliver 
relatively uniform charging pulses to the 
modulator unit. 

The thyratron unit is similar to radar 
modulator circuits. An energy storage capac- 
itor C15 is resonant charged to approxi- 
mately twice the D. C. supply voltage 
through a charging reactor L7 and a hold-off 
diode V10. A return path is provided by 
the inductive resistor R24. When a trigger- 
ing pulse is received by the hydrogen thyra- 
tron V11, this tube becomes conducting, 
and the energy storage capacitor is dis- 
charged through the flash tube. The small 
capacitor C16 compensates for the effective 
inductance of the flash tube resulting from 
the lag of the current pulse behind the 
voltage pulse. part of the energy dis- 
charged by C15 is dissipated in C16 and 
R24; however, stable thyratron operation 
at substantially high voltages and storage 
capacitances is made possible by their use, 
with a net gain in energy utilized by the 
flash tube. A selector switch is provided in 
the thyratron unit to enable different values 
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of storage capacitance to be connected into 
the circuit. 

The control unit contains not only the 
pulse generator which controls the firing of 
the hydrogen thyratron but also the auxiliary 
circuits for timing and counting sequences 
of flashes. The pulse repetition rate is con- 
trolled by a relaxation oscillator in which 
various plate resistors may be selected by 
a panel switch to provide 1 to 100 pulses 
per second. The relaxation oscillator is op- 
erated from a regulated D. C. supply for sta- 
bility. The output of the relaxation oscillator 
is fed through a pulse transformer to the 
small thyratron V9. The plate circuit of this 
thyratron contains a line network which is 
discharged on arrival of a pulse from the 
relaxation oscillator, causing a large positive 
pulse to appear across the cathode resistor 
R22. This pulse, of approximately 1 kv. 
amplitude and 3 microseconds’ duration, is 
fed through a flash-back filter L6 and C14 
to the large thyratron. 

The power supply system described above 
furnishes voltage pulses of controllable dura- 
tion, amplitude, and repetition rate. The 
duration of the voltage pulse and therefore 
of the flash is almost directly proportional to 
the capacitance of the discharge capacitor. 
The energy per flash is proportional to the 
capacitance and to the square of the voltage. 
The intensity of the flash may therefore be 
varied by adjustment of voltage without sig- 
nificantly changing the duration of the flash. 
It is for this reason that relatively high volt- 
ages must be used in equipment of this 
type to obtain high-intensity, short-duration 
pulses. 

The average power consumption is pro- 
portional to the flash repetition rate, to the 
capacitance, and to the square of the voltage. 
In any particular unit the allowable average 
power consumption is limited by the heat 
dissipation of the flash tube. Forced air 
cooling of the flash tube is normally required 
for operation for periods in excess of a few 
seconds. 

APPLICATIONS 


Photomicrographs taken with this equip- 
ment are used to determine the shapes, 
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Fig. 6.—Photomicrograph of lycopodium powder 
suspended in air, taken with a 0.25 N. A. objective. 
The spores were about 30 in diameter. 


sizes, and concentrations of air-hborne parti- 
cles. Shapes are observed directly. Sizes are 
determined by measuring image sizes and 
dividing by the magnification. Concentrations 
are calculated from the number of well- 
defined images on the negative, the number 
of flashes used to expose the negative, the 
area of the negative, and the depth of field 
of the objective. The depth of field used in 
making this calculation must not be a the- 


oretical value. such as those used in Table 1, : 


since it depends on the uncertainty in the 
edge of an image which the eye will accept 
and still recognize the image as being well 
defined. Depths of field for the objectives 


Fig. 7.—Photomicrograph of lycopodium powder 
suspended in air, taken with a Cine Raptar objec- 
tive. The spores were about 304 in diameter. 


were determined experimentally by photo- 
graphing suspensions of particles of known 
concentration and particle size generated in 
a 10 cu. m. chamber. 


Suspensions of stearic 
acid or of lycopodium powder were used. 
The experimentally determined depth of field 
for a 0.25 N. .\. microscope objective was 
about 1&8, and for an f-1.9 “Cine Raptar” 
lens about 

Counting the particles involves selecting 
the well-defined images. Since this is a 
subjective process, photomicrographs of sus- 
pensions of lvcopodium powder ( Figs. 6 and 
7) were submitted to six persons for count- 
ing. The results are shown in Table 2. The 


Taps & 2—Comparison of Results Obtained by Six Persons Who Counted the Number of Sharply 
Defined Images of Lycopodium Spores in Figures 6 and 7 


Standard 
Deviation 
(Expressed 


as 
Percentage 
Individual Count of 
Average Average 
Objective A B © D E F Count Counts) 
Zeiss 0.25 N.A. microscope objective.......... 19 23 21 27 39 
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standard deviations, expressed as percentages 
of the average counts, were 20 and 23 for 
the two photomicrographs. 

Figures 8 and 9 are photomicrographs of 
particles having sizes near the ends of the 
size range for which the instruments were 
designed. 

Suspensions of transparent droplets pro- 
duce somewhat misleading images. When 
such a droplet is illuminated from the side. 
two small parts of the droplet are very 
much brighter than the rest. These are at 
opposite ends of the diameter which is 
parallel to the direction of the illumination. 
The image of each particle appears to con- 
sist of two small dots. The faint image of 
the rest of each particle is easily overlooked. 

This photomicrographic technique has 
been used to study a number of types of 
suspensions. Its most extensive use has heen 
to investigate ice fogs in .\laska. Such fogs 
are generally formed when steam (for exam- 


Fig. 8.—Photomicrograph of salt crystals falling 
through air, taken with a Wollensak {/4.5 Micro 
Raptar objective. 
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Fig. 9—Photomicrograph of particles in a stearic 
acid aerosol, taken with a 0.25 N.A. objective. Indi- 
vidual particles in the aggregates were 2# to 5” in 
diameter. 


ple, from heating plants) and nuclei are 
discharged into the atmosphere at tempera- 
tures below about —40 F. Such fogs are espe- 
cially objectionable when they form over 
airports. Particle concentrations in these fogs 
were found to be only a few particles per 
cubic centimeter. Thus, thousands of flashes 
were used to expose each frame of film. 
Most of the particles were about 10, in 
diameter. A few had obvious crystalline 
forms, but most were nearly spherical or 
slightly elongated. 


REFERENCES 

1. York, J. L., and Stubbs, H. E.: Photographic 
Analysis of Sprays, Tr. Am. Soc. Mech. Eng. 74: 
1157, 1952. 

2. Elliot, H. W.: Cloud Droplet Camera, Report 
M1-701, National Research Council of Canada, 
Division of Mechanical Engineering, December, 
1947. 

3. Elliot, H. W.: Improved Droplet Camera, 
Laboratory Note Al-3-50, National Research Coun 
cil of Canada, Division of Mechanical Engineering, 
November, 1950. 

4. McCullough, S., and Perkins, P. J.: Flight 
Camera for Photographing Cloud Droplets in 
Natural Suspensions in the Atmosphere, Report 
RME 50K0la, National Advisery Committee for 
\eronautics, June, 1951. 

5. Barkotsky, E. C.: Ballistics Photography 
Uses Mobile Flash, Electronics 25:128, 1952. 

6. Cadle, R. D., and Magill, P. L.: Preparation 
of Solid- and Liquid-in-Air Suspensions for Use 
in Air-Pollution Studies, Indust. Eng. Chem. 43: 
1331, 1951. 


591 


a 
: 
P 
: 
4 
‘ 
a 


LEO WADE, M.D., New York 


I. INTRODUCTION 


“Sickness absenteeism” is not a popular 
subject for discussion these days. Physicians 
in industry as well as personnel officers are 
likely to say that the “field” has been “over- 
worked”; “nothing new is likely to come of 
further discussions.”’ This, in a sense, is true, 
but sickness absenteeism costs continue to 
rise in many industrial situations. The sick- 
ness absenteeism costs of the Esso Standard 
Oil Company are almost 10% of the total 
annual profits. They are sufficient in amount 
to operate all Esso medical facilities for the 
next five years. If further discussion of sick- 
ness absenteeism is contraindicated, some 
effective action is not! 

I do not intend to apologize for this 
presentation, for two reasons: First, mis- 
taken concepts in the minds of physician 
and manager alike impede an effective solu- 
tion to the presenting problems, and, second, 
| am convinced that techniques for dealing 
effectively with excessive sickness absen- 
teeism costs will prove equally effective in 
dealing with other problems which impair 
employee morale and productivity. An effec- 
tive “human relations” program at the 
“grass roots” is urgently needed. 

Some physicians have “sold” their services 
to industry on the promise that sickness 
absenteeism costs would be reduced by their 
activities. The problem is a complex one, 
however, not amenable to any simple solu- 
tion. Our attention has been called by some 
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local managers to a paradoxical worsening 
of sickness absenteeism figures with the 
implementation of medical services where 
none existed before. We have recognized 
this situation too and are aware of a number 
of reasons for the occurrence. For example, 
sickness absenteeism is usually inadequately 
reported in those units without medical 
services. The availability of a physician 
makes management and employees alike 
conscious of sickness factors previously un- 
recognized or actively ignored. Then, too, 
the inauguration of a program of physical 
examinations inevitably uncovers a backlog 
of previously unrecognized medical prob- 
lems. Constructive action may involve elec- 
tive loss of time for surgical or other treat- 
ment. In the absence of the company physi- 
cian the cost of, or need for, such an absence 
might well be deferred or go unrecognized 
for 10, 15, 20, or more years. Then, how- 
ever, the cost may well be terrific to company 
and employee alike. Let me document this 
contention by one or two specific cases. 
Chart 1 is a schematic presentation of 
Johnny Smith’s attendance record. He began 
work in an Esso refinery at age 19 in 1916. 
He lost nine days in 1920 due to tonsillitis 
and seven days in 1921 for a tonsillectomy. 
These and subsequent absences are rep- 
resented by shaded bars across the “ribbon.”’ 
He lost no time because of sickness during 
the next 27 years. In February, 1948, he 
was absent 39 days for a hernia repair. .\ 
recurrence in 1949 necessitated the loss of 
47 days. Note that all but the first absence 
were for elective and constructive medicine. 
After three additional years of perfect at- 
tendance, he suffered a “coronary.” He re- 
turned to the dispensary after 102 days. A 
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plant physician examined the man carefully 
and found evidences of cancer of the lung. 
The man was operated on and_ probably 
cured. This necessitated another 60 to 90 
days of sickness absenteeism, which could 
have been avoided, at least temporarily. 
In the absence of the medical department 
there might have been a smaller loss of 
time, possibly three to four weeks, six 
months or a year from now, but this would 
have been for a terminal, incurable illness! 
All together, over his 38 years with Esso, 
this employee has had seven absences, four 
of which occurred since 1947, and has lost 
418 days, 402 since 1947. 

I have chosen another case at random. 
Bill Johnson, an executive, came to the 
medical department for an examination in 
May, anticipating retirement in September. 
He had no complaints which would have 
taken him to his family physician. The 
examining physician discovered a cancer 
of the lung. The employee ceased work, 
was successfully operated on, and is now 
enjoying his retirement five years later. The 
medical department deliberately added four 


months’ loss of time to sickness absenteeism 
costs. The result is a live rather than a dead 
annuitant. 

The most critical cost-minded manager 
will not take exception to this type of burden 
expense. These are the sorts of cases the 
“plans” people had in mind when they con- 
ceived the liberal sickness absenteeism poli- 
cies which now prevail. These are not the 
types of cases we have in mind when we 
try to reduce sickness absenteeism costs. 

In contrast with these two cases, I should 
like to tell you of another employee, Susie 


Jones. Chart 2 is similar to the previous one. 
This employee began work in January, 1943. 
In her 11 years’ employment, she has been 


absent ostensibly because of sickness 66 
times and has lost 371 days from the job. 
This averages 6.6 absences totaling an aver- 
age of 34 days each year. A casual glance 
at the indicates that her absences 
present a pattern which is repeated year in 
and year No cancers 
here! The absences are for “nervousness,” 
“dysmenorrhea,” and the like. 
(Ine doesn’t need a physician to recognize 


record 


out. coronaries or 


“headache,” 
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that this record is not compatible with pro- 
ductive employment. 


These specific examples point up the need 
for individual evaluation of sickness absen- 
teeism “patterns” of individual employees. 
On casual inspection of the record, many 
employees or groups of employees will be 
found to present such a grossly different pat- 
tern of absenteeism from the majority of 
their associates that it may be immediately 
recognized as “abnormal.” 


It is my plan to review data collected 
over a two-year period for a group of 
approximately 28,000 employees. These data, 
while not different in many respects from 
those available elsewhere, have served as a 
foundation for planning an approach to the 
reduction of sickness benefit costs. Finally, 
I shall outline a program of action, requir- 
ing cooperative effort on the part of many 
persons at management level, which has re- 
sulted in favorable change wherever it has 
been given an enthusiastic trial. | am sure 
there is no other practical way in which 
the desired goal can be achieved. 


II. FACTORS INFLUENCING SICKNESS 
ABSENTEEISM 


If one examines carefully the absenteeism 
experience for large groups of employees, 
certain variations are inevitable, depending 
upon the age and sex distribution within the 
group. In Chart 3 the gross characteristics 
of the patterns for men and women are 
contrasted. According to this chart,* female 
employees are absent more than twice as 
often as male employees (i.e., 2772.3 ab- 


*Frequency rate is the average number of 
absences per year per 1000 employees. 
Frequency rate = No. of disability cases per year/ 
No. of employees in thousands 
Noneffective rate takes into account both the 
frequency and the duration of absences. It is the 
average number of additional employees needed 
per 1000 employees to assure the presence of 1000 
workers on the job on any given day. It is ap- 
proximately 10 times the cost of sickness absentee- 
ism in terms of percentage of productive payroll. 
Noneffective rate =Total calendar days of dis- 


ability/No. of employees in thousands/365 
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sences per 1000 women per year compared 
with 1054.8 absences per 1000 men per 
year). The average number of days lost per 
absence is less than half that for the male 
employees (3.6 and 8.8 days). The net result, 
taking both frequency and duration of ab- 
sence into consideration, is a slightly higher 
cost for absenteeism per female employee 
(i.e., an average loss of 9.9 days per year 
per female employee in contrast with 8&8 
days per year per male employee ). 

Aside from the very young employee (less 
than 20 years old), the average number of 
absences per year tends to decrease slightly 
in the case of both male and female em- 
ployees as they grow older (or as_ their 
years of company service increase). It is 
also apparent that this decrease is more 
striking in the case of female than male 
employees. Chart 4 presents these observa- 
tions graphically. 

The average duration of absences increases 
strikingly as the male employees grow older. 
This trend is less obvious in the case of 
the female workers (Chart 5). The decrease 
noted in the oldest age groups undoubtedly 
results from a process of selection. During 
the sixth decade many employees who are 
poor health risks die or are retired prema- 
turely for medical reasons. 

The net result of frequency and duration 
in terms of cost is summarized in Charts 
6 and 7. Little change is noted among female 
employees with increasing age. The cost oi 
absenteeism increases with each decade for 
the male employees except for the first and 
the last. Again, natural selection probably 
results in a lower cost in the seventh than 
in the sixth decade. 

Increasing age reverses the pattern of 
short- and long-term sickness absenteeism. 
One-day absences make up a smaller portion 
of the total number of absences with each 
successive decade, while long-term absences 
account for an increasingly large percentage 
of the total absences (Chart 8). Some of 
these trends are the result, in part at least, 
of a change in the disease pattern with in- 
creasing age. 
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AVERAGE NUMBER OF CALENDAR DAYS LOST PER 
EMPLOYEE PER YEAR ACCORDING TO AGE GROUPS 
TOTAL EMPLOYEES-ESSO S.O. CO. 
AND 1952 
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In Chart 9 the relative frequency of the 
commonest causes of sickness absenteeism 
is indicated by segments of a circle. As is 
to be expected, respiratory disease accounts 
for almost half of the absences, while gastro- 
intestinal disease is responsible for slightly 
more than one-fourth of the cases. Cardio- 
vascular disease is responsible for fewer 
than 2% of the total number of absences. 
Respiratory disease and gastrointestinal dis- 
ease include many trifling and insignificant 
illnesses but also include a number of serious 
and even fatal conditions, such as cancer. 
Nonetheless, there is a rather striking dis- 
crepancy between the relative frequency and 
the relative duration of absences due to 
diseases of these two systems, as evidenced 
in Charts 10 and 11. Numerous one- and 
two-day absences of no serious health import 
far outweigh costwise the occasional case of 
tuberculosis or cancer. The reverse situation, 
of course, exists with reference to cardio- 
vascular disease. The number of absences 
is relatively small, but each one is likely 
to be a serious illness from which recovery 
is slow. 

With these facts in mind, it is easy to 
postulate a reason for the changes in the 
absenteeism pattern with increasing age. 
The frequent upper respiratory or gastro- 
intestinal upsets of minor consequence are 
replaced by infrequent serious, life-threaten- 
ing disease of the cardiovascular system 
(and, less frequently, of other systems). 
Absences become less frequent, but they 
last longer. These disease states often cause 
death or are incompatible with continued 
productive employment. The loss of these 
cases to the employee groups results in 
a decrease in absenteeism in the group 
beyond 60, since it is chiefly the relatively 
healthy that survive. 

The cost (corresponding roughly with 
medical department frequency and severity 
data) of absenteeism in the sixth and sev- 
enth decades is increased by the provisions 
of the Esso total and permanent disability 
plan, requiring exhaustion of sickness bene- 
fit payments prior to premature retirement 
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for medical reasons. Such sickness benefit 
costs accounted for approximately 12.5% 
of the total cost for Esso refineries in 1953. 
This is a burden expense imposed by the 
plan and is not amenable to any immediate 
medical or administrative control. 

Some further appreciation of the relative 
importance of the frequent short-term ab- 
sences, in contrast with the infrequent pro- 
longed absences, can be gained from an 
inspection of Charts 12 and 13. The data 
are for a single location (8000 employees) 
for a relatively short period of time (six 
months) but are representative of other 
observations. The conclusion is inescapable 
that the major part of the absenteeism is 
due to a relatively small number of em- 
ployees. It is often the same employees year 
after year. Prolonged absences are respon- 
sible for 75% of the total lost time due to 
sickness absenteeism. This observation prob- 
ably overemphasizes the relative cost of 
prolonged absences. The hidden costs (im- 
paired productivity of worker and associates, 
demoralization of the “team,” etc.) of the 
short-term absences may be of far greater 
importance than this Chart would suggest. 

The weather is blamed by many an ama- 
teur health “authority” for all sorts of illness 
and misfortune. For four consecutive years 
we have compared average monthly cli- 
matological data provided by local weather 
bureaus at Baton Rouge, Bayonne, Bayway, 
and Baltimore with absenteeism data pro- 
vided by the corresponding refinery. Rain- 
fall, sunshine, and temperature were com- 
pared with frequency and noneffective rates. 
The only correlation apparent is between 
average temperature and frequency of ab- 
senteeism. The correlation is negative, that 
is, the higher the average temperature the 
lower the frequency. Sample data for the 
Bayonne and Baton Rouge refineries are 
presented in Charts 14 and 15. 

Shift work is unpopular with some em- 
ployees. Frequent efforts are made by such 
persons to relate health problems to the 
required periodic change of hours of work. 
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Chart 10 


COMPARISON OF PERCENTAGE OF TOTAL NUMBER OF ABSENCES WITH 
PERCENTAGE OF TOTAL NUMBER OF CALENDAR DAYS LOST 
DUE TO SICKNESS AND ACCIDENTS 
TOTAL EMPLOYEES -ESSO S.O. CO. 
AND 1952 
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BAYONNE REFINERY 
FREQUENCY RATES AND TEMPERATURE 
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BATON ROUGE REFINERY 
FREQUENCY RATES AND TEMPERATURE 
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APPROACH 


Some comparative observations were made 
at the Baltimore refinery in 1952. Forty-three 
per cent of shift workers lost no time because 
of sickness, while only thirty-two per cent 
of the day workers had perfect attendance. 
The average number of absences per vear 
was 6.3 for the shift workers and &.2 for 
the day workers. Parentheiically, | would 
protest that both figures are unreasonably 
high. They at least give no credence, how- 
ever, to the contention that shift work is 
the cause of increased absenteeism. 

Not only costs but also the frequency 
and duration of absenteeism can be mate- 
rially influenced by the provisions of any 
sickness benefit payment plan. If absence 
is not associated with any loss of income 
(or may even become more profitable than 
presence on the job), the evaluation of minor 
aches and pains by the employee (and even 
the employee’s physician) may be materially 
influenced. This may be true in the case 
of employees who otherwise appear objec- 
tive, honest, and straightforward in most of 
their thinking. It is probably more frequently 
true among those who dislike their job or 
their supervisor. Several observations will 
document this contention. 

Successive steps in the liberalization of 
sickness benefit payments from a three-day 
waiting period to no waiting period occurred 
between 1940 and 1949. The cost of sick- 
ness benefits at one refinery increased from 
$9,571.50 in 1940 to $60,846.13 in 1949. 
If one assumes a 100% increase in employee 
pay during this interval and the absence 
of any waiting period in 1940, the maximum 
cost to be expected in 1949 would have been 
$30,000. Adjacent industries without sick- 
ness absenteeism benefits have only about 
one-third of the reported sickness absen- 
teeism. Further, the increased absenteeism 
reported for the refinery in 1949 was not 
noted by these same adjacent plants.? 

During 1949 there were 1072 absences 
at another refinery, compared with 398 the 
preceding year. Two other refineries re- 


+ One-day waiting period was eliminated in 
December, 1948. 


ABSENTEEISM 


ported a calculated increased cost of sickness 
benefits of 14.5% and 19.7%, respectively, 
in 1949 compared with 1948. 

Some of the increase may be justified 
and might possibly have appeared as a hid- 
den cost in previous years. The productivity 
of employees may be appreciably impaired 
by minor illness. It is important to empha- 
size, too, that previous provisions for two- 
and three-day waiting periods encouraged 
abuses. One needed merely to prolong the 
disability to collect for a part, if not all, of 
the time lost. 

There are many personal factors which 
may influence the judgment of an employee 
regarding his ability to work. How severe 
does a headache have to be in order to 
preclude working? Who can know other 
than the employee how badly his head hurts ? 
We know that many employees continue to 
work in very uncomfortable circumstances, 
not always to their own personal advantage, 
because of a sense of loyalty or an intense 
interest in their jobs. Others, knowing that 
they are needed at home to “baby-sit’’ or 
help care for an ill family member, will 
decide in favor of a day off. This is particu- 
larly true if another person available to do 
the job will suffer a loss of pay if he or she 
takes “off.” 

Not infrequently workers are discovered 
to have other employment. Not only may 
there be an actual clash of time required 
for the two jobs but also a state of nervous 
exhaustion and fatigue may follow. Impaired 
yroductivity or absenteeism ensues. Again, 
if one of the two assignments is abandoned 
temporarily, the one with the most liberal 
benefit program will be the loser. 

[ have previously referred to the cost 
of sickness absenteeism necessitated by the 
processing of premature medical retirements. 
It is, of course, desirable to have ample 
time to consider possibilities for the medical 
rehabilitation or reassignment of some of 
these cases. Actually, however, it is the 
unusual case that cannot be properly certified 

long before the exhaustion of benefits. 
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The availability of medical services in a 
plant or office unit has been reported to 
influence sickness absenteeism rates. One 
finds many statements in the press and 
various management publications indicating 
a sickness absenteeism cost of 2% to 3% 
of payroll where medical services are avail- 
able in contrast with 10% or 12% in the 
absence of such services. Our own data do 
not permit corroboration of this claim, but 
I can document some relationship between 


A, 
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up, will inevitably lead to decreased absen- 
teeism (which is reflected as decreased cost). 

Many interesting and significant phenom- 
ena are concealed by considering merely 
the gross characteristics of absenteeism 
among a large population, such as that of 
an entire company or plant. This is well 
demonstrated by data collected at a single 
location for the year 1952. Roughly one- 
third of the employees had no absences 
during the year. The percentage of workmen 


SICKNESS BENEFITS AS PERCENT OF PAYROLL 
VS. MEDICAL CONTACTS 
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Chart 16 


the use of medical facilities and the cost of 
absenteeism. Chart 16 summarizes the ex- 
perience at one refinery from 1940 through 
1953. The conclusion seems obvious that the 
fewer the visits to the medical department 
the higher the cost of sickness absenteeism. 
Of course, one cannot tell necessarily which 
is the cart and which is the horse. I feel 
sure that frequent referral of problem cases 
to the. medical department by supervisory 
personnel (which increases the number of 


dispensary visits), with appropriate follow- 
604 


having no absences varied widely, however, 
from one department to another—only 15% 
had a perfect attendance record in the one 
with the poorest showing, while 60% had 
a perfect attendance record in the depart- 
ment with tke best. There were similar 
variations in the over-all absenteeism pat- 
tern which were reflected in the cost of 
sickness absenteeism. Thus, while the aver- 
age cost per employee was $120.57, the 
average cost on a departmental basis varied 
from a low of $43.84 per man to a high 
of $278.71 per man. 
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It is not possible to show you charts for 
each of the departments, but I would like 
to show for contrast purposes one for a 
department with an excellent attendance 
record and one for a department with a 
very poor attendance record. These charts 
are alike in that the percentages of workers 
in the particular department with absences 
ranging from none to six or more are rep- 
resented by individual bars. Chart 17 is a 
beautiful example of a “normal” absenteeism 
experience. Most employees were not absent 
at all, while none was absent more than four 
times. Contrast this picture with that in 
Chart 18 where 75% of the employees were 
absent one or more times, several as many 
as six times, during the year. 

Why should there be such a striking varia- 
tion from one department to another when 
employees are working for the same manage- 
ment, at the same location, ostensibly under 
similar working conditions? There may be 
a number of factors, but | am convinced 
that there is none with which a good super- 
visor could not cope. | am inclined to believe 
that morale factors are of extreme im- 
portance. 


I know nothing about the personal charac- 
teristics of the supervisors of these two 
groups. In a previous report, however, we 
did have factual information concerning the 
supervisors of two very similar groups. 
The first was characterized as a friendly, 
open-hearted, forthright, jovial type of man 
who showed an interest in his men and 
provided the type of leadership they would 
follow. The supervisor of the other unit, 
in which the pattern of absenteeism was 
typical of a poorly coordinated group, was 
described as narrow and distant, but not 
reserved, in that he was forever petulant, 
nagging, complaining, or voicing his dis- 
pleasure for common consumption; he was 
suspicious of his men’s actions and accused 
them readily of lack of cooperation and of 
taking advantage of him. Apparently the 
men preferred the uncertainties of home 
to the certainty of unpleasant experiences 
on the job. 


Finally, | call attention to the frequent 
association of one- or two-day absences with 
week ends or holidays. A study in one re- 
finery in 1948 revealed 54.8% of such 
absences to immediately precede or follow 
otherwise legitimate time off. 

Many other observations and studies could 
he assembled, but | sincerely doubt that 
these would contribute to any better under- 
standing of the underlying causative factors. 
From the data presented and inferences 
which may be drawn from them, I have 
tabulated the factors which I believe influ- 
ence sickness absenteeism. These are as 


follows: 


Factors Influencing Sickness Absenteeism 
A. Intrinsic, i. e., within the worker 
1. Health status 
(a) Physical 
(b) Emotional 
(c) Social 
2. Adjustment to job 
(a) Innate ability or intelligence 
(b) Education and/or training 
(c) Proper assignment 
B. Extrinsic, i. e., the worker’s environment 
1. Biological environment 
(a) Supervisor 
(b) Associates on the job 
(c) Family 
(d) Union officers, club associates, church 
associates, etc. 


(e) Friends and neighbors 


. Physical environment 
(a) Health hazards on and off the job 


(b) Housing and housekeeping, both on and 
off the job 


(c) Economic climate, ete. 
(1) Salary and benefit programs 
(2) Availability and use of medical serv- 
ices 


III. PROGRAM FOR REDUCTION OF SICKNESS 
ABSENTEEISM AND INCREASED PRODUC- 
TIVITY OF EMPLOYEE GROUPS 

Before describing any specific methods of 
approach to the underlying problems, I wish 
to enumerate certain conclusions which we 


as physicians have reached. These may be 
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considered as premises upon which to build a 
constructive program. 

1. A certain amount of sickness absen- 
teeism is inevitable in spite of the best pos- 
sible efforts on the part of employees, 
physicians, and management. 

2. An employee's life situation, 1. e., his 
total environment including both people and 
things, must be considered an important 
causative factor for “dis-ease.” The symp- 
toms and the disability may be as real and 
as complete as those produced by infection 
or neoplasia. 

3. The proper use of sickness absenteeism 
privileges for preventive and constructive 
medical measures should minimize the ex- 
tent and frequeney with which these privi- 
leges are used for purely curative or 
palliative medicine. 

4+. In many imstances excessive or “ab- 
normal” sickness absenteeism is only one 
of many evidences available to supervisors 
that a worker is not properly assigned or 
is incapable of adjustment to the demands 
of industry or other productive employment. 

5. A liberal program designed to facilitate 
constructive health goals requires increased 
vigilance and supervision on the part of 
management. 

With all the above factors in mind, | am 
convinced that a company physician and 
an employee relations representative should 
meet at regular intervals (probably once 
a year) with each department head or his 
deputy, with such follow-up meetings as 
may be necessary. At such meetings the prob- 
lem employees (e. g., those with excessive 
absenteeism, decreased productivity, etc.) 
should be presented by the supervisor for 
discussion. The supervisor would state the 
nature and extent of his problem. The em- 
ployee relations officer may have pertinent 
background information. The physician, in 
turn, upon consulting the medical record 
should indicate whether or not there is any 
medical problem which might explain the 
supervisor’s difficulties with the individual 
emplovee. 


This presupposes the availability of cer- 
tain factual information which may or may 
not be available at the present time. 

1. \ simple, easily maintained attendance 
record should be kept by the employee's 
supervisor. A calendar card (8% by 
11 in.) permits rapid evaluation of the 
attendance record as well as year-to- 
year comparisons. Supervisors are in- 
clined to avoid such a system, con- 
tending that they know their people 
well enough to preclude the need 
therefor. And yet invariably the super- 
visor and the employee are surprised 
by the frequency and duration of ab- 
sences recorded on the official record. 


bo 


Objective evaluation of the employee's 
job performance at regular intervals 
may incidentally serve as an extremely 
important clue to existing or impending 
health problems. Mental illness, brain 
tumors, or other serious disease may 
lead to subtle changes in personality 
or job performance. These changes are 
usually not apparent to the individual 
employee. They can be recognized 
‘arliest by those in close, day-to-day 
working contact with the employee. By 
the time the employee or the company 
physician (with his infrequent contact 
with the employee) is aware of per- 
sonality changes, ete., it is often too 
late to institute corrective or curative 
measures. 


w 


Similarly, the physician may lack ade- 
quate information. The periodic health 
examination (or even the postsickness 
examination in some units) is not com- 
pulsory. The medical records of many 
problem cases may be a complete blank 
except for the preplacement examina- 
tion. Even in the presence of a detailed 
medical record, information pertinent 
to the supervisor’s problem with a 
given employee (previously unknown 
to the physician) may be lacking. 
Definition of the presenting difficulties 
will make possible directing medical 
inquiry along fruitful lines. 
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In any instances where the medical in- 
formation is inadequate upon which to render 
a judgment, the employee in question should 
be referred to the medical department by 
the supervisor for study. In such instances 
the supervisor should advise the employee 
fully regarding his reason for referral to 
the medical department. If the supervisor 
fails to do this, future constructive action 
will be hindered in most instances. The 
physician cannot discuss the case freely with 
the supervisor and the employee relations 
representative without violating the confi- 
dential nature of the doctor-patient relation- 
ship. The medical department will soon 
be recognized by employees as a stepping 
stone to unpleasant or undesirable change. 

It should be the goal of this small group 
(the supervisor, the personnel officer, and 
the physician) to answer the following ques- 
tions concerning the employee in question: 

1. Is the employee ill? 

2. If so, 

A. The plant physician should answer the fol- 
ling questions: 

(1) Is his illness a justifiable basis for his 
absenteeism, or is it merely an alibi? 

(2) Is he under a physician’s care? Does he 
follow the physician’s advice? 

(3) Is his condition likely to improve or 
worsen with passage of time? 

(4) Are his health and life expectancy likely 
to be adversely affected by continued 
work on the job? 

(5) Is his absenteeism in any wise related to 
an industrial illness or injury? 

B. The supervisor should answer the following 
questions 

(1) Is he an effective and desirable em- 
ployee despite his illness? 

(2) Is he in a job where his suboptimal 
performance due to poor health may 
contribute to or cause substantial devi- 
ation from optimal productivity of a 
production unit or department ? 

(3 


Can he be used effectively in some other 
assignment more nearly compatible with 
his physical or emotional limitations ? 
(4) Is the employee eligible for retirement 
under any of the company plans? 
3. If not ill, 
A. Is his absenteeism typical of his depart- 
ment? If so, what environmental factors 
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(physical, social, or psychologic) are influ- 
encing his and his associates’ lack of enthu- 
siasm for the job? Can these be corrected? 
B. Will reprimanding on one or more occasions 
change his attitude ? 
C. Should he be discharged or retired for the 
good of the service? 

There are many reasons aside from the 
practical business one for insisting that each 
employee do a job—a 100% job in keeping 
with his capabilities. Too frequently medical 
restrictions have resulted in sloughing off 
unpleasant or laborious parts of one job 
and adding them to another. Such a practice 
is demoralizing for all concerned. 


It should be the goal of this group or 
committee to make sure that each worker 
is properly assigned so that he can do a 
100% job without harm to himself or his 
associates. This may require considerable 
study and ingenuity. We have not been 
accustomed to thinking analytically and 
specifically with regard to the requirements 
of a job or the aptitudes of partially dis- 
abled workers. It is entirely possible, how- 
ever, to match men and jobs so that optimum 
productivity results without abuse of man 
power. All this presupposes, of course, a 
willingness on the part of the worker to be 
helped. 


In this approach to the correction of 
abuses of the sickness absenteeism privilege 
lie the “seeds” of a “human relations” pro- 
gram which can also deal effectively with 
many other employee problems. Here lies 
the possibility of developing mutual under- 
standing among human beings so that each 
will understand and appreciate the problems 
of the other. Firm but friendly and intelli- 
gent action can lead only to improved rela- 
tions. The result will inevitably be increased 
productivity and the resultant economic suc- 
cess and security for which employee and 
employer alike are striving. 

Reports and studies prepared by many persons, 
particularly those in refinery units, were used in 
the preparation of this paper. The interpretation 
of these data is mine and may or may not coincide 


with that of the persons preparing the original 
reports. 
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Acute Toxicity of the Vapors 
of Methylated Hy drazine 


KEITH H. JACOBSON, Ph.D. 

JAMES H. CLEM, B.S. 

HENRY J. WHEELWRIGHT Jr., M.D. 

WILLIAM E. RINEHART, B.S. 

and 

NATHAN MAYES, B.S., Army Chemical Center, Md. 


The increasing interest in hydrazine de- 
rivatives indicates a need for information on 
their toxicity. The purpose of this paper is 
to describe the effects of acute exposure of 
experimental animals to the vapors of methyl- 
hydrazine and asym-dimethylhydrazine and 
to describe levels of odor detection by man. 
In addition, preliminary studies of sym- 
dimethylhydrazine as well as additional 
studies of hydrazine vapor for comparison 
with derivatives are reported herein. 

The toxicology of inhaled hydrazine vapor 
has been studied by Comstock, Lawson, 
Greene, and Oberst,! who found that acute 
exposure to the vapor caused respiratory 
irritation and convulsions. The effects of 
chronic exposure included anorexia, weight 
loss, muscle tremors, weakness, and vomit- 
ing. Krop* has reviewed the toxicology of 
hydrazine. It seems likely that the methyl- 
ated derivatives of hydrazine would have a 
toxic action similar to that of hydrazine. 
There appears to have been little investiga- 
tion of the biological effects of these deriva- 
tives. Underhill * injected several rabbits 
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and a dog with methylhydrazine. He noted 
convulsions with opisthotonos in the rabbit 
given 50 mg/kg. A dog given 35 mg/kg. 
vomited and refused food. This worker 
noted that the liver did not show the appear- 
ance characteristic of hydrazine poisoning. 

Table 1 shows some physical properties 
of hydrazine and three of its methy! deriva- 
tives, as obtained from Lange’s Handbook 
of Chemistry.‘ 

METHODS 


Female white mice, male white rats, male golden 
hamsters, and male beagle hounds were subjected 
to single four-hour exposures. Groups of 10 
rodents were exposed at various concentration 
levels (in the case of methylhydrazine exposures 
there were 20 mice in each group). There were 
three dogs to a group, arranged so that each 
group had about the same total weight as other 
groups exposed to the same vapor. Rats and mice 
were exposed to hydrazine, methylhydrazine, and 
asym-dimethylhydrazine. Dogs and hamsters were 
exposed to methylhydrazine and asym-dimethyl- 
hydrazine. In the preliminary exposures to sym- 
dimethylhydrazine * reported herein, groups of rats 
were exposed four hours. One group of rats and 
mice at each concentration was killed periodically 
after exposure for a study of pathological changes. 
The other group was observed for development of 
toxic signs during exposure and for 14 days there- 
after; deaths were recorded and L. C.54 values com- 
puted by the method of Bliss as described by Fin- 
ney.©. Blood was drawn from dogs before and 
after exposure for the following determinations— 
hemoglobin, red blood cell count, white blood cell 
count with differential count, hematocrit value, 
reticulocyte count, plasma hemoglobin, sulfobro- 
mophthalein (Bromsulphalein) retention, bilirubin 
(total, direct, and indirect), and prothrombin time. 
Dogs dying during or after exposure and dogs 
whose condition indicated that they would not 

* Unavailability of sufficient supplies of sym- 
dimethylhydrazine precluded conducting more than 
preliminary experiments. In view of the potential 
interest in the material, it was felt these preliminary 
results should be reported. 


609 


ertvalives 
: 
= 
ia 
: 
a 


A. M. 


live Selected 


periods 


overnight were autopsied. dogs 
killed at different following 
exposure for study of pathological changes. 


were also 

Erythrocyte and plasma hemoglobin determina- 
tions were performed by determining oxyhemo- 
globin by use of the Klett-Summerson photoelectric 
colorimeter.° Hematocrit values were determined 
and blood cell counts were performed on venous 
or capillary blood using the familiar standard tech- 
niques.?  Reticulocyte counts 7 were made by mix- 
ing a drop of blood with cresyl green, smearing, 
and then with Wright’s stain. 
Sulfobromophthalein retention © was measured by 
the sulfobromophthalein 
dye in the amount of 5 mg/kg. 


counterstaining 


intravenous injection of 
A blood sample 
was removed from a different vein 20 minutes after 
the original injection; the serum was then alka- 
linized and compared with a standard in a colorim- 
eter. With this technique less than 5% of the dye 


is retained in the normal dog. Bilirubin levels 
determined by the Malloy and 
Evelyn combined with photoelectric colorimetry. 
The prothrombin time determined by the 


Quick one-stage method.® All venous blood was 


were method of 


Was 


drawn in oiled syringes to prevent hemolysis. 
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dimethylhydrazines were performed by iodate 
titration, using a visual end-point.!” 

The possibility of detecting the odor of hydra- 
zine, methylhydrazine, and asym-dimethylhydra- 
Fair-Wells osmoscope 
according to a 

The 
drawn into the osmoscope with a vacuum line at 
every setting before the subjects sniffed the 
The lowest 
detected the 
concentration. 


zine was investigated. 


used, previously described 


procedure.!! chamber atmospheres were 
gas. 


concentration at which subject 
threshold 
asked to 


Fifteen human subjects were 


any 
odor was as his 


The 


odor. 


recorded 


subject was also 
describe the 
used in the study of hydrazine detection; sixteen, 
in the study of and 
The 
estimated 
from the response curve, plotting log concentration 


asym-dimethylhydrazine, 
twenty-two in the study of methylhydrazine. 
median detectable concentrations were 
against the probit of the cumulative per cent re- 
sponse for each concentration. 


RESULTS 

Rats and mice exposed to hydrazine, meth- 
vihydrazine, and asym-dimethylhydrazine, as 
well as rats exposed to sym-dimethylhydra- 


1.—Physical Properties 


Compound M.P., € 
14 
<—80 


asym-Dimethylhydrazine 
sym-Dimethylhydrazine 


The hydrazine used in this investigation was 
obtained from the Mathieson 
Niagara Falls, N. Y. Methylhydrazine, asym- 
dimethylhydrazine, and  sym-dimethylhydrazine 
were obtained from the Metalectro Corp., Bladens- 
burg, Md. Liquid compounds were kept and 
transferred under a nitrogen atmosphere in order 
to minimize decomposition. Chamber concentra- 
tions were established by passing dry nitrogen 
through a bubbler containing the liquid agent. The 
vapor was mixed with air in a glass premixing 
bowl, and this mixture was then drawn into a 
constant-flow gassing chamber. A 0.4 cu. m. 
chamber operated at an air flow of 0.10 to 0.115 
cu. m. per minute was used for exposures of 
rodents. A 0.7 cu. m. chamber operated at an air 
flow of 0.20 cu. m. per minute was used for ex- 
posures oi dogs and for establishing concentrations 
used in odor determinations. Samples of chamber 
air were drawn into Vigreaux-type bubblers con- 
taining water acidified with a drop of concentrated 
hydrochloric acid. The contents of the bubbler 
were analyzed, and the chamber vapor concentra- 
tion was calculated. 


Chemical Corp., 


Analysis of hydrazine was 
performed by a potentiometric bromate titration,!° 
and analyses of methylhydrazine the 
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B.P., ¢ Solubility 

113.5 Soluble in water, alcohol 
S77 Soluble in water, alcohol, ether 
62.57% Soluble in water, alcohol, ether 


Soluble in water, aleobol, ether 


zine, were restless and showed dyspnea and 
convulsions with exophthalmos. Convulsions 
in rats were clonic; in mice the convulsions 
were in most cases clonic but were sometimes 
tonicoclonic. Although no quantitative studies 
were made to prove the point, it was our 
impression that rats exposed to asym-dimeth- 
ylhydrazine produced a greater amount of 
urine during exposure than is normal; also, 
feces dropped during exposure to this vapor 
were of a softer consistency than normal. 
Dogs exposed to methylhydrazine or to asym- 
dimethylhydrazine showed 
iting, respiratory distress 


salivation, vom- 
as indicated by 
panting «id occasional apparent choking, 
and convulsions. Dogs exposed to methyl- 
hydrazine showed considerable excitement 
and incoordinated locomotion prior to con- 
vulsing ; some dogs barked and howled prior 
to and just after convulsing. These effects 
were not seen in dogs exposed to asym- 
dimethylhydrazine. Some of the dogs ex- 
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TaBLE 2.—Response of Dogs Exposed Four Hours to Methylhydrasine Vapor 


Concen- 


Condition in 


Postexposure 
tration, Dog Condition Observation Group 
Ppm No. During Exposure Period Mortality* 
29 Fs" No signs No signst 2/3 
217 Vomiting, comvule 
sions, death 
2a 512 Vomiting, con- Death 2/3 
vulsions Ist day 
ll Vomiting, con- Death 
vulsions Ist day 
E13 No signs No signs 
15 F2 Retching Convulsions, 0/3 
recovery 
F6 Tremors, vom- Convulsions, 
iting anorexia, 
recovery 
En Ineoordination, Recovery 
excitement 


* Group mortality includes all dogs dying within 14 days and those killed in view of what was believed to be impend- 


ing death. i 


+ This dog was killed on the second day for a study of tissue pathology. It 


survived. 


TABLE 3.—Response of Dogs Exposed Four 


is believed it would otherwise have 


Hours to asym-Dimethylhydrazine Vapor 


Concen- 
tration, Dog Condition 
Ppm No. During Exposure 
111g Vomiting, panting, 
convulsions 
507 Vomiting, diarrhea, 
convulsions, death 
513 Vomiting, panting, 
convulsions, death 
52 1 Vomiting, panting, 
salivation, convulsions 
380 Nausea, panting, 
poor coordination 
200 No signs 
24 52 No signs 
215 No signs 
O 897 


Vomiting, convulsions 


* (S), killed in view of what was believed to be impending death; (D), died; (A), killed for autopsy after 14 days. 


Condition in 


Postexposure Time of 

Observation Death or Group 
Period Killing* Mortalityt 

Convulsions Ist day (S) 3/3 

Ist day (D) 

ist day (D) 

Convulsions Ist day (S) 1/3 

Recovered lith day§ 

No signs (A) 

No signs (A) 0/3 

No signs (A) 

Recovered (A) 


+ Group mortality includes all dogs dying within 14 days and those killed because overnight survival seemed unlikely. 
{ The exposure of Dogs 504, 507, and 513 to 111 ppm was stopped at the end of 192 minutes, because two dogs were 
already dead and it was desired to autopsy these dogs immediately; in addition, it did not seem likely that the third 


dog would survive. 


§ Dog 380 apparently reeovered from the experimental treatment and about 10 days later became worse, failing to eat 
and showing a “strep throat.” Penicillin was administered, but the dog continued to become worse; it was nonambula- 
tory, in a tetanic state, and cyanotic. It is believed that this condition was not a result of experimental poisoning. 


posed to methylhydrazine showed an elevated 
rectal temperature immediately after expo- 
sure. Temperatures in all cases were approx- 
imately normal prior to gassing, and, in the 
case of those dogs with an elevated tempera- 
ture following gassing, temperatures were 
down to normal by the day after exposure. 
The highest postgassing temperature noted 
was over 106 F, as compared with 102 F 
(Dog F 2) prior to gassing. Dogs exposed 
to asym-dimethylhydrazine showed no sig- 
nificant changes from normal in rectal tem- 
perature. Deaths and other responses of dogs 
exposed to methylhydrazine and asym-di- 
methylhydrazine are shown in Tables 2 and 
3, respectively. All deaths in any species ex- 


posed to any of these vapors occurred in 
terminal convulsions. 

L. C.59 values for rodents exposed to hy- 
drazine, methylhydrazine, and asym-dimeth- 
lyhydrazine and a rough estimate of the value 
for rats exposed to sym-dimethylhydrazine 
are shown in Table 4. Table 5 shows the 
response in the case of a few exposures of 
rats to sym-dimethylhydrazine from which 
the rough estimate in Table + was made. 
These data show that methylhydrazine is 
the most toxic of these vapors (when con- 
centrations in parts per million are com- 
pared) and hydrazine the least toxic. Asym- 
dimethylhydrazine appears to be more toxic 
than sym-dimethylhydrazine. Comparison of 
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Fig. 1—Mortality in rats and mice exposed to hydrazine (H), methylhydrazine (1H), 


and asym-dimethylhydrazine (DMH). 


lethalities of these vapors to rats and mice 
is shown graphically in Figure 1. 

In five dogs surviving exposure to asym- 
dimethylhydrazine there were no significant 
changes from control values of hemoglobin, 
red blood cell count, white blood cell count, 
sulfobromophthalein retention, or prothrom- 
bin times. Determinations were made prior 
to exposure, immediately upon removal from 
exposure, and at intervals for 8 to 10 days. 
In four of the five dogs exposed to methyl- 
hydrazine which survived the exposure pe- 
riod there was evidence of moderately severe 
hemolysis of erythrocytes. Blood for deter- 
minations Was drawn immediately after re- 
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moval of the animal from the gassing cham- 
ber and was continued at intervals up to 24 
days on some of the animals. Hemolysis was 
demonstrated not only by measurement of 
plasma hemoglobin but also by the decrease 
in red blood cell count, by erythrocyte hemo- 
globin and hematocrit values, and by the de- 
layed compensatory rise in_ reticulocytes. 
Similar figures were obtained on occasion 
with capillary blood, thus excluding error 
due to extravascular hemolysis. Mild hemol- 
ysis was evident in some cases immediately 
on removal from the chamber and increased 
in severity until in all cases the anemia was 
most profound from the fourth to the eighth 
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MEAN VALUES REFLECTING HEMOLYSIS 
IN FOUR DOGS EXPOSED TO METHYLHYDRAZINE 


METHYLATED HYDRAZINE VAPORS 


4hours 


Doys 


Fig. 2.—Values shown here are for Dogs F8, F2, F6, and E13 (Table 2). Dog F8 was killed 
the second day after exposure. Hematocrit is given in per cent. RBC are given in millions per 
cubic millimeter. Hemoglobin is given in grams per 100 cc. Reticulocytes are given in per cent. 


TABLE 4.—L. C.so Values for Rodents Exposed 
Four Hours to Hydrasine and Derivatives 


19/20 Standard 
L.C.50 Confidence Error 
Limits, of 
Ppm Mg./M.* Ppm Slope Slope 
Hydrazine 
570 750 504-649 7.32 1.8 
252 330 * -305 3.79 1.6 
Methylhydrazine 
74 139 71- 78 28.5 7.9 
105 50-110 4.96 2.2 
Hamsters .. 143 270 2.46 
asym-Dimethylhydrazine 
252 618 219-290 8.65 2.8 
172 423 150-194 8.52 1.9 
Hamsters .. 392 962 376-413 10.5 2.0 


sym-Dimethylhydrazine 
280-400t 


* Value cannot be calculated from the data. 
+ Rough estimate from data in Table 5. 


TABLE 5.—Response of Rats Exposed Four Hours 
to sym-Dimethylhydrazine * 


Concentration 
Mortality 
Ppm Mg./M.8 Fraction 
285 700 2/10 
338 830 5/10 
435 1070 5/5 


* Preliminary experiments, seven-day postexposure ob- 
servation. 


day. Hematocrit values were elevated imme- 
diately after exposure, owing to hemoconcen- 
tration, which probably masked some evi- 
dence of initial hemolysis. Red cell counts fell 
to a level of one-half to one-third of their 
original values within four days, mirrored by 
hemoglobin and hematocrit-value decreases. 
A moderate to marked polymorphonuclear 
leucocytosis developed during this period, 
and there was a mild bilirubinemia caused 
chiefly by elevation of the direct-reacting 
fraction. The sulfobromophthalein retention 
was not increased at any time. The peak of 
the reticulocyte response occurred at 8 to 
12 days. The blood values were essentially 
back to normal in from 17 to 24 days, 
depending upon the degree of initial hemol- 
ysis, as represented in Figure 2. There were 
no significant changes in EKG’s in dogs 
exposed to either methylhydrazine or asym- 
dimethylhydrazine. 

Postmortem examination of dogs, rats, and 
mice exposed to methylhydrazine and asym- 
dimethylhydrazine revealed no_ significant 
pathological changes except for the presence 
of pulmonary edema and patchy pulmonary 
hemorrhage in some cases. The latter find- 
ings occurred only in animals that had con- 
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vulsions and were present in all species. Not 
all animals that convulsed showed these 
lesions, however. It is the pathologists’ 
opinion that these changes represent a sec- 
ondary manifestation due to the convulsive 
seizures rather than a primary result of the 
agent. Examination of brain and spinal cord 
was not carried out routinely. In one in- 
stance there were a few petechial hemor- 
rhages in the medulla oblongata and the dura 
mater covering the cerebellum. These lesions, 
again, probably represent congestion and 
trauma due to convulsions. 

At the higher concentration levels it ap- 
peared that hydrazine frequently existed in 
the chamber as an aerosol. This may cast 
some doubt on the validity of the comparison 
of the L. C.s59 values between these various 
vapors. There was no reason to believe that 
any of the other agents were present in par- 
ticulate form in the chamber. 

Table 6 shows the median detectable con- 
centrations of hydrazine, methylhydrazine, 
and asym-dimethylhydrazine. The data indi- 
cate that all these vapors can be detected by 
_ odor at relatively low concentrations (1 to 
' 14 ppm) ; the median levels are rather close 
and are probably not significantly different. 
Most persons smelling hydrazine described 
the odor as ammoniacal or fishy or amine- 
like ; a few described the odor as sewer-like, 
barnyard-like, or like animals. These odors 
are probably in the “putrid” category and 
probably should be grouped with “fishy” or 
“amine-like.” Most persons smelling asym- 
dimethylhydrazine vapor reported either an 
ammoniacal or fishy (or amine-like) odor. 
There was considerable variation in the 
description of the odor of methylhydrazine ; 
a few described it as ammoniacal, a few as 
like an amine or fishy; some described the 
odor as being that of horses, cattle, or dogs 
(again probably in the “putrid” category), 
and some described it as musty or sweet. 
There were a few other descriptions, such 
as metallic, anesthetic, disinfectant, or “‘irri- 
tating.” 

COMMENT 

Observation of animals during and after 
acute exposure to hydrazine or its mono- or 
614 


dimethyl derivatives indicates that the com- 
pounds are somewhat similar in their action ; 
i. e., they are respiratory irritants and con- 
vulsants. Methylhydrazine differs in that it 
has an additional effect of producing moder- 
ately severe intravascular hemolysis. There 
was no evidence of liver damage with any 
of the compounds. Postmortem tissue ex- 
amination revealed no lesions primarily at- 
tributable to the agents themselves, although 
secondary manifestations due to convulsions 
included patchy areas of pulmonary hemor- 
rhage and edema as well as occasional 
petechial hemorrhages in the central nervous 
system. The severity of muscular contrac- 
tions during convulsions and the severity of 
respiratory distress seen in the case of 


TABLE 6.—Odor Detection of Hydrazine, Methyl- 
hydrazine, and asym-Dimethylhydrazsine 


Median 
Detectable 
Concentra- Description 
Compound tion, Ppm of Odor 
Hydrazine 3-4 Ammoniacal, fishy, 
or amine-like 
Methylhydrazine 1-3 Ammoniacal, fishy, 
or amine-like; ani- 
mal, musty, or 
sweet 
asym-Dimethylhydrazine 6-14 Ammoniacal, fishy, 


or amine-like 


animals exposed to methylhydrazine were 
appreciably greater than those seen in ani- 
mals exposed to hydrazine or to the dimethyl 
derivatives. 

While we found no evidence of liver 
damage in these acute exposures, we cannot 
rule out the likelihood of such damage on 
chronic exposure. Comstock and associates * 
noted no liver damage on acute exposure to 
hydrazine vapor but reported liver damage 
on chronic exposure. By analogy with hydra- 
zine, it seems likely that the methylated 
derivatives may also be liver poisons on 
chronic exposure. 


Examination of the L.C.s9 values in 
Table 4 indicates that methylhydrazine is 
the most toxic of the vapors under discussion. 
Asym-dimethylhydrazine is next in order of 
toxicity, and hydrazine is probably the least 
toxic of these compounds. It appears from 
our preliminary experiments with sym- 
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TOXICITY OF METHYLATED 
dimethylhydrazine that it is less toxic than 
asym-dimethylhydrazine and more toxic than 
hydrazine. These comparisons are made in 
ferms of concentrations in parts per million. 
If the comparisons were made in concentra- 
tions in milligrams per cubic meter, the same 
order of toxicity appears to hold, except that 
sym-dimethylhydrazine may be slightly less 
toxic than hydrazine. Ratios of vapor con- 
centrations in parts per million are equal to 
ratios of numbers of molecules; thus, any 
change in toxicity caused only by dilution of 
the molecule with side-chains, such as methyl 
groups, would not show up as a change in 
L. C.s9 values when concentrations are ex- 
pressed in parts per million. Werner, 
Mitchell, Miller, and von Oettingen '* have 
pointed out the importance of comparing the 
hazards of various materials rather than their 


HYDRAZINE 


VAPORS 


effects are to be considered, it might be con- 
cluded that methylhydrazine is more hazard- 
ous, in view of its hemolytic effect. 

Unless man is appreciably more sensitive 
to the effects of acute exposure to these 
vapors than the experimental animals studied, 
the odors of the vapors should offer adequate 
warning of exposure to dangerous concentra- 
tions for the average person. This safety 
factor is indicated by the fact that the median 
detectable concentrations are lower than the 
corresponding median lethal concentrations 
and, more important, by the fact that expo- 
sures of humans in the odor test were for less 
than a minute, whereas reported L. C.s0 
values are based on four-hour exposures of 
experimental animals. 

Comstock and associates ' reported a con- 
siderable difference between nominal and 


TasL_e 7.—Hazard Indices 


Vapor Saturated Hazard Index 
Pressure, Concentration, A— 
Compound Reference Mm. Hg, 25C Ppm, 25 C Rats Mice Hamsters 
13 14.4 18,900 33 75 
Methylhydrazine ................ “4 49.6 65.300 882 1165 457 
asym-Dimethylhydrazine ....... 15 156.8 206,300 819 1199 526 
sym-Dimethylhydrazine ......... 16 69.9 92,000 271 


toxicity. They describe a hazard index as 
the ratio of average saturation concentra- 
tion to the median lethal concentration, 
which is the approximate number of animal 
L.C.59 values that could theoretically be 
present in air saturated under ordinary con- 
ditions of pressure (760 mm. Hg) and tem- 
perature (25 C). Vapor pressures of these 
compounds, with literature sources of these 
values, together with saturated vapor con- 
centrations calculated from the vapor pres- 
sures and hazard indices are shown in 
Table 7, using L. C.s59 values (in parts per 
million) from Table 4. A good estimate of 
the L. C.59 value of sym-dimethylhydrazine 
is not available; 340 ppm is used as the ap- 
proximate L.C.s59 value for this compound 
to permit calculation of a hazard index. 
These figures show that asym-dimethylhy- 
drazine and methylhydrazine have the highest 
hazard indices of the four vapors, and hydra- 
zine the lowest. However, these indices are 
based on the likelihood of death. If sublethal 


analytical values of chamber concentration 
in the case of hydrazine vapor. We did not 
find differences as great as they reported, 
and it is believed that the reason our differ- 
ence between nominal and analytical values 
is lower is that our chambers were of a 
larger capacity, thus reducing the ratio of 
surface area to volume. In even larger spaces, 
such as in a room or outside, the analytical 
value of concentration may approximate the 
nominal value. In the case of hydrazine 
vapor our analytical concentration averaged 
50% of the nominal (or calculated) value. 
In the case of asym-dimethylhydrazine the 
analytical value averaged 75% of the nomi- 
nal, and in the case of methylhydrazine it 
averaged 77% of the nominal. 

The high volatility and toxicity of these 
compounds indicate the need for adequate 
precautions against liquid spills and other 
sources of vapor contamination. The high 
solubility of these materials in water (Table 
1) and the strong affinity of such amine-type 
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compounds for acids suggest that water or 
acid solutions should be effective agents to 
reduce tue volatility of and to assist in re- 
moving these compounds in the event of 
liquid spills. 

An appreciation of the magnitude of the 
concentrations may be gained by calculating 
the concentration that might be achieved if 
10 gm. of any of these compounds were 
spilled in a room 20 by 10 by 8 ft. (45.3 
cu. m.). Assuming complete volatilization 
and mixing, a concentration of 169 ppm of 
hydrazine or 117 ppm of methylhydrazine or 
90 ppm of either of the dimethylhydrazines 
could theoretically be present. 


SUMMARY 


Methylhydrazine, asym-dimethylhydrazine, 
and sym-dimethylhydrazine vapors are simi- 
lar to hydrazine in that they are respiratory 
irritants and convulsants on acute exposure. 
In addition to causing respiratory distress 
and convulsions, methylhydrazine vapor was 
found to produce hemolysis and elevated 
temperatures in exposed dogs. 

Methylhydrazine was the most toxic of the 
vapors tested, and hydrazine the least toxic. 
The higher volatility of asym-dimethylhydra- 
zine indicates that the hazard of this vapor 
is similar to methylhydrazine. However, the 
hemolytic properties of methylhydrazine indi- 
cate that this vapor has a greater sublethal 
hazard. Preliminary data on sym-dimethyl- 
hydrazine suggest that this vapor has a tox- 
icity and vapor hazard that is less than 
methylhydrazine and asym-dimethylhydra- 
zine but greater than hydrazine. 

The odors of hydrazine, methylhydrazine, 
and asym-dimethylhydrazine were usually 
described by human subjects as ammoniacal, 
fishy, or amine-like. The odor of these vapors 
appears to offer adequate warning of acute 
exposure to dangerous concentrations. 
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The toxicology of N-nitrosodimethylamine 
has received little attention in the past. 
Hamilton and Hardy? and Freund? have 
described cases of poisoning in which sev- 
eral workers developed cirrhosis with jaun- 
dice and ascites. Administration of the com- 
pound to dogs caused immediate development 


of acute symptoms. There was severe liver 
destruction ; death occurred in one dog while 
the subject was in hypoglycemic shock. 
Barnes and Magee * recently reported two 
cases of liver injury in exposed persons. 
Administration of the compound caused 
liver necrosis and hemorrhage into the in- 
testine and peritoneal cavity. Changes in 
blood chemistry were not described, and 
routes of administration did 
vapor inhalation. 


not include 


This laboratory has recently received re- 
ports of human exposures to nitrosodi- 
methylamine vapor. Abnormally high body 
temperatures were noted, and evidence of 
liver damage was found. Laboratory investi- 
gations were therefore undertaken to charac- 
terize the toxic action of the vapor in terms 
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of lethal 
changes in 


concentrations, clinical 


blood chemistry, and 


signs, 
tissue 
changes. 

METHODS 


Randomly assigned groups of male white rats, 
10 to a group, female white mice, 10 to a group, 
and male beagle hounds, 3 to a group, were exposed 
to nitrosodimethylamine vapor at various concen- 
trations for single four-hour periods. Some groups 
of godents were reserved for periodic killing after 
exposure, in a study of tissue changes. Other 
groups were observed for clinical signs and mortal- 
ity during exposure and for 14 days thereafter. 
Deaths occurring within the 14-day period were 
recorded, and L. C.sz0 values were computed by 
the method of Bliss as described by Finney.* Each 
group of dogs was arranged to have approximately 
the same total weight; assignment of group to a 
concentration level was made by random selection. 
Before and after exposure of the dogs various 
laboratory tests were carried out. Dogs were 
observed during and after exposure; when it was 
believed that a dog would die during the night, it 
was killed so that postmortem changes would not 
obscure the pathological picture. 

The laboratory 
carried out in dogs 
bin, total 


following determinations were 
: red blood cell count, hemoglo- 
white blood cell count and differentia! 
smear, hematocrit, sulfobromophthalein (Bromsul- 
phalein) retention, bilirubin level of blood (total, 
direct, and indirect), prothrombin time, coagulation 
time, test for circulating anticoagulants, 


cholinesterase, and platelet estimation. 


plasma 
Hematocrit 
values and blood cell counts were determined by 
the familiar methods.5 was deter- 
mined by oxyhemoglobin determination, with use 
of the 


Hemoglobin 


Klett-Summerson colorimeter. Sulfobro- 
mophthalein retention was measured by the intra- 
venous injection of sulfobromophthalein dye in the 
amount of 5 mg/kg. A blood sample was removed 
from a different vein 20 minutes after the original 
injection; the and 
compared with a standard in a photoelectric color- 


imeter.® 


serum was then alkalinized 


Bilirubin levels were determined by the 
method of Malloy and Evelyn,’ using photoelectric 


colorimetry. Prothrombin time was performed 
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using the Quick one-stage method.* Coagulation 
time was found by use of the method of Lee and 
White.© Plasma cholinesterase was estimated by 
the method described by Hawk, Oser, and Sum- 
merson.? Platelet quantity and character were 
estimated from observation of a smear stained with 
Wright’s stain by one of us (H. J. W.). A test 
for circulating anticoagulants was carried out by 
addition of the plasma of the suspected dog to 
normal dog plasma and determining suitably con- 
trolled coagulation times.!° 

The liquid compound (b. p., 151 to 153 C) was 
dispersed as a vapor by passing dry nitrogen 
through a bubbler containing the liquid. The vapor 
was introduced into a glass premixing bowl, where 
it was mixed with room air, and thence into a 
constant-flow gassing chamber. A 0.4 m.° chamber 
operated at an air flow of 0.1 m*/min. was used 
for exposures of rodents; a 0.7 m.3 chamber 
operated at an air flow of 0.2 m*%/min. was used 
for exposures of dogs. Vapor concentrations were 
sampled by drawing a part of the chamber air into 
a Vigreaux-type bubbler containing 15 ml. of water. 
The contents of the bubbler were analyzed by 
spectrophotometric absorption at 335 mu.11 


RESULTS 


Rats exposed to  nitrosodimethylamine 
vapor showed no toxic signs during ex- 
posure other than lethargy and a reddish 
secretion around the eyes. After exposure 
lethargy continued and polydipsia was noted. 
They excreted a soft stool, and at the higher 
concentrations blood was seen around the 
anus. Their fur changed color to a light 
yellow. Since analytical concentrations aver- 
aged about 84% of nominal concentrations, 
it does not seem likely that the change in 
color of the fur is due primarily to adsorp- 
tion of the compound. On the day following 
exposure the rats’ bellies appeared grossly 
distended. Considerable bloody fluid was 
found on opening the abdominal cavity of 
some of these animals. Mice showed similar 
signs of intoxication except that the poly- 
dipsia and soft stools were not so pro- 
nounced. 

As can be seen from Table 1, most deaths 
which occurred in rats and mice exposed 
to the vapor occurred by the third or fourth 
day after exposure. The L.C.s59 value for 
rats exposed to nitrosodimethylamine vapor 
for four hours and observed 14 days was 
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estimated to be 78 ppm (236 mg/m.*) with 
19/20 confidence limits of 68 to 90 ppm. 
The slope was 7.11, with a standard error 
of 1.4. The L. C.s59 value for mice similarly 
exposed was estimated to be 57 ppm (173 
mg/m.*) with 19/20 confidence limits of 
51 to 64 ppm. The slope was 9.94, with a 
standard error of 3.1. 

Dogs exposed four hours to nitrosodi- 
methylamine vapor showed vomiting during 
exposure and sometimes following exposure. 
Other signs noted after exposure included 
polydipsia, anorexia, and elevated rectal 
temperatures. Diarrhea was occasionally 


TABLE 1.—Mortality of Rats and Mice Exposed 
Four Hours to Nitrosodimethylamine Vapor 


Concentration Mortality 
Ppm Mg/M.3 Mortality Per Cent 
Rats 
188 970 1/10 Ist day, 8/10 2d day, 100 
10/10 3d day 
151 458 9/10 2d day, 10/10 4th day 100 
103 313 1/10 2d day, 5/10 3d day, 70 
6/10 6th day, 7/10 7th day 
77 282 2/10 3d day, 4/10 4th day, 50 
5/10 5th day 
67 208 2/10 3d day, 3/10 4th day, 40 
4/10 6th day 
51 155 1/16 3d day 10 
41 124 0/10 14th day 0 
Mice 
67 203 7/10 4th day 70 
60 182 2/10 Ist day, 8/10 2d day, 90 
9/10 3d day 
55 167 3/10 4th day 30 
51 155 2/10 2d day 20 
39 118 1/10 Ist day 10 


seen during the postexposure observation 
period, and the stool was sometimes bloody. 
Prior to exposure the average rectal tem- 
perature of these dogs was 101.0 F, ranging 
from 100.0 to 101.8 F. Following exposure, 
rectal temperatures were in most cases 
elevated (consult Table 2 for temperatures 
observed immediately after gassing). Dog 
506 had a postexposure temperature of 
107.0 F. It convulsed shortly after ex- 
posure ; it is assumed that this was a febrile 
convulsion. No convulsions were seen in any 
other members of any species. As can be seen 
from Table 2, most dogs exposed to con- 
centrations of 43 ppm and higher died or 
were killed in view of impending death by 
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Taste 2—NMortalities and Postgassing Tempera- they die before the day following exposure ; 

tures in Dogs Exposed Four Hours to Nitrosodi- this may suggest a slightly greater resistance 

: p to the toxic effects of the vapor on the part 


Gini Temperature of mongrels. The third animal (Dog 510) 
tration, Do After Time of Death Grou 
Ppm No. Exposure,F  orKilling— Mortality exposed to 16 ppm showed the typical signs 
144 509 101.5 Ist day (D) 3/3 and did not eat for about a week. It did 
508 105.5 Ist day (D) 
: on ap ist day (D) not bark during this time, suggesting the 
: : 73 50 104.0 Ist day (D) 3/3 presence of some throat irritation. After this 
506 107.0 Ist day (S) time the dog started to eat again and 
502 105.4 Ist day (S) 
rapidly recovered its strength. Six months 
43 DOS 105.9 3d day (S) 3/3 ee 
: pre day later the dog was clinically well, although 
34 103.0 Ist day (S) laboratory tests still revealed slightly ab- 
16 39 104.6 2d day (D) 2/3 normal liver function. It was killed seven 
one = — months after exposure, and pathological re- 
510 102.8 Lived 


view showed residual liver damage. 
*(D), died; (S), killed. All dogs killed were believed un- The dogs described above and shown in 
able to live through the night. 
lable 2 were subjected to a series of labora- 
the day after exposure. This is also true of tory tests; the results and significance of 


two of the dogs exposed to 16 ppm. Several the results of these tests are described below. 


mongrel dogs had been exposed in some RBC, Hemoglobin, and Hematocrit Value. 

preliminary experiments to considerably —Approximately one hour after removal 
i higher concentrations, but in no case did from the gassing chamber, red cell counts 

80, 

70) 
« 6Q 

50] 

any - 
20) 
10 
XX\NORMAL RANGE PROTHROMBIN 
‘ 


| HOUR | DAY 2 DAYS 


Mean values of dogs surviving two days after exposure to nitrosodimethylamine vapor. 
WBC are given in thousands; prothrombin time is given in seconds; sulfobromophthalein 
retention is given in per cent. 
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and hematocrit values were unchanged or 
slightly elevated. Dogs surviving 24 hours 
or longer universally demonstrated a slight 
rise in hemoglobin, red cell count, and 
hematocrit value. In Dog 510 these levels 
returned to normal in two to three days. 
These findings undoubtedly represent hemo- 
concentration secondary to diarrhea and 
vomiting during the gassing and immediate 
postgassing period. There was no evidence 
of intravascular hemolysis. 

WBC and Platelets.— Total leucocyte 
counts in every case decreased to low, 
normal, or leucopenic levels immediately 
after exposure ( Fig.). Differential counts re- 
vealed a slight increase in polymorphonuclear 
neutrophiles. No abnormal forms were seen. 
A leucocytosis of moderate degree was pres- 
ent in three of four dogs surviving to 24 
hours, with a marked increase in the per- 
centage of polymorphonuclear neutrophiles. 
White blood cell counts returned to within 
normal limits after several days. White cell 
count data are shown in Table 3. Platelets 
estimated by examination of smears were 
not significantly reduced or abnormal in 
form. The significance of the initial leuco- 
penia is obscure. It is most likely due to 
a transient direct destructive action by the 
agent on the peripheral circulating white 
blood cells. An immediate leucocytosis might 
have been expected in response to the excite- 
ment and irritation caused by inhalation of 
the toxic vapor. The later rise in white cell 
count is consistent with the inflammatory 
reaction to liver damage, gastrointestinal 
irritation, and internal hemorrhage. 

Bilirubin—In no case was there an ele- 
vation of bilirubin immediately following the 
exposure (Table 3). Three out of four dogs 
surviving 24 hours or longer revealed an 
elevated bilirubin of moderate to marked 
degree. No particular additional information 
was obtained from determinations of direct- 
and indirect-reacting fractions. This finding 
represents proof of jaundice which may be 
due to (a) liver-cell damage, (b) obstruction 
to the outflow of bile either of intrahepatic 
or extrahepatic origin, or (c) 
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increased 


bilirubin formation from areas of blood 
extravasation. Correlation with red _ cell 
counts, hemoglobin, and hematocrit values 
and lack of rise of the indirect bilirubin 
would again rule out any significant intra- 
vascular hemolysis as a cause of jaundice. 


TasLeE 3.—Blood Values of Dogs Exposed Four 


Hours to Nitrosodimethylamine Vapor * 
Sulfo- 
Pro- Bili- bromo- 
throm- rubin phthalein 
Time bin (Total), Reten- 
Dog After Time, Mg/100 tion, 

No. Exposure See. Ml. Per Cent WBC 
509 Control 6.0 0.145 oun 17,900 
1 br. 6.0 0.048 17.0 5,750 
508 Control 6.0 Ane 2.6 13,100 
lhr. 6.5 0.146 nae 3,200 
621 Control 7.0 0.146 3.1 14,200 
lhr. 7.0 0.291 11.5 6,250 
50 Control 8.5 0.194 2.0 13,050 
lhr. 7.5 0.43 96.0 7,600 
506 Control 7.0 0.240 eee 16,650 
lhr. 10.5 0.38 43.7 7,600 
502 Control 7.0 0.243 0.0 17,600 
hr. 8.5 0.43 22.6 5,000 
50D Control 7.0 0.388 2.9 12,600 
1 hr. Inf. 0.24 17.3 5,850 
20 hr. Inf. 1.0 28.8 31,550 
42 hr. 42.0 6.2 
511 Control 10.0 0.097 2.4 18,250 
1 hr. 17.0 0.19 8.6 5,950 
314 Control 6.0 0.194 2.4 25,950 
1 hr. 7.5 0.24 11.3 10,100 
39 Control 7.5 0.097 eked 15,450 
lhr. 8.0 0.24 14.9 2,050 
20 hr. 170.0 10,250 
210 Control 7.0 0.094 bike 5,700 
1 hr. 8.0 0.29 13.4 9,150 
20 hr. 40-47 1.01 51.6 30,450 
510 Control 7.0 0.097 2.5 14,850 
1 hr. 6.5 0.29 18.9 10,400 
20 hr 9.0 0.24 23.8 30,550 
42 hr. 8.0 0.24 22.1 25,200 
92 hr. 7.0 0.097 23.0 17,500 
8 days 7.0 0.19 29.0 11,750 
40 days 7.0 isons 15.1 12,250 


*Table shows values prior to gassing (control) and at 
various times after removal from exposure. 


Sulfobromophthalein Retention—All dogs 
revealed a sulfobromo- 
phthalein retention immediately after ex- 
posure (Fig. and Table 3). This progressed 
in all surviving dogs. It indicates immediate 
and prolonged hepatic damage. 


mild to marked 


Prothrombin Time.—Half of the dogs re- 
vealed a prolongation of the prothrombin 
time immediately after exposure (Fig.). All 
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dogs surviving 24 hours revealed a marked 
elevation of the prothrombin time. The values 
returned to normal on the fourth day. 
Prothrombin time data are shown in Table 3. 
The immediacy of the prolongation of the 
prothrombin time suggests a direct action 
by nitrosodimethylamine on the coagulation 
mechanism as well as a secondary effect 
through liver-cell damage. Further studies 
are being conducted in order to determine 
the mode and level of action in the clotting 
mechanism. 

Coagulation Time.—Coagulation time was 
prolonged only when the prothrombin times 
were markedly altered. No standardized de- 
terminations of bleeding times were per- 
formed, but casual observation indicated 
prolonged bleeding from sites of venipunc- 
ture wounds in the animals with severely 
altered prothrombin times, as would be 
expected. 

Circulating Anticoagulant Test—A test 
for circulating anticoagulants was carried 
out two days after exposure on blood from 
one animal with severe bleeding. This indi- 
cates that an anticoagulant substance stable 
for 24 hours at 4+ C was not present in the 
plasma. 

Plasma Cholinesterase.—The plasma cho- 
linesterase levels increased immediately after 
exposure. In only one animal (Dog 510) 
were they followed into a healing phase, 
when the levels declined to normal. 

Electrocardiographic determinations per- 
formed on dogs within a few hours after 
removal from the gassing chamber and again 
24 hours later revealed no significant changes 
except for bradycardia, which was present 
in half of the animals in the postgassing 
period. The question as to whether this 
change was due to the agent or merely 
reflected decreased excitement of the dogs 
because of their malaise and lethargy cannot 
be answered at this time. 

All species of animals exposed revealed 
similar pathological changes at autopsy, 
whether the animals were killed before death 
due to exposure or examined after death 
due to the agent alone. These changes con- 


{MINE VAPOR 


sisted of the following: free blood in the 
peritoneal cavity, gastrointestinal tract, and 
abdominal tissues; hemorrhage into lym- 
phatic tissues, and marked central necrosis 
of the liver lobule with variable amounts of 
hemorrhage into the liver substance. A de- 
tailed description of the development of the 
pathological lesions of acute and chronic 
poisoning and the cellular pathology caused 
by the healing process in the liver will be 
the subject of another report from these 
laboratories.* 

Four laboratory workers who had previ- 
ously worked with methylated hydrazine 
derivatives were asked to sniff the vapor 
emanating from a_ bottle of nitrosodi- 
methylamine. They described the odor as 
“like hydrazine derivatives.” The odors of 
these hydrazine derivatives are described 
elsewhere '* as ammoniacal or amine-like. 
Thus, the odor of nitrosodimethylamine 
would not serve to distinguish it from 
methylated hydrazine derivatives. 


COMMENT 


A fair picture of the natural history of the 
damage produced by an acute inhalatory 
exposure to nitrosodimethylamine vapor can 
be developed from the above results deter- 
mined by clinical, laboratory, and_histo- 
pathological methods. Within the first few 
hours there is generalized gastrointestinal 
irritation, with nausea, vomiting, and diar- 
rhea. This is accompanied by a leucopenia 
and disruption of the normal blood coagula- 
tion mechanism and hemorrhage into the 
wall of the gastrointestinal tract, the abdom- 
inal cavity, and other tissues. Liver damage 
is evident within a few hours. In animals 
surviving the immediate postexposure period, 
there is chiefly evidence of severe impair- 
ment of hepatic function, with an increased 
bleeding tendency. That similar effects are 
caused in man is shown by pathological 
evidence of liver damage.t We are also 
aware of reports of malaise, elevated tem- 


* McAdams, A. J., Jr., and Wheelwright, H. J., 
Jr.: To be published. 
+ References 2 and 3. 
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peratures, and evidence of decreased liver 
function in other persons exposed to the 
compound. These latter cases, as well as 
at least one case reported by Freund,’ re- 
sulted from vapor exposure. These human 
exposures and our animal exposures appear 
to dispute the suggestion of Barnes and 
Magee * that the vapor hazard is slight. 

Mortality data from rats, mice, and dogs 
show that this vapor is very toxic and must 
be handled with considerable care. Com- 
parison of the mortality data in Tables 1 
and 2 suggests that dogs respond to the 
effects of this vapor at lower concentration 
levels than do rats and mice. Mice, in turn, 
are more sensitive than rats. While nitro- 
sodimethylamine is not very volatile (b. p., 
151 to 153 C), it has sufficient volatility so 
that concentrations far in excess of those 
lethal to animals can be produced. In view 
of this, and in consideration of toxic effects 
in humans exposed to the vapor, it must 
be assumed that concentrations dangerous to 
man may be produced by volatilization of 
the liquid compound. 

In view of the considerable hazards in- 
volved in handling this compound, it is 
important that liquid material be so treated 
that personnel are not exposed to the result- 
ing vapor. The solubility of nitrosodi- 
methylamine in water and the affinity of 
amines for acids suggest that water or 
aqueous acid solutions may be effective 
agents for removal of any liquid that might 
be spilled. If only a quarter of an ounce 
(7.1 gm.) were spilled and completely 
volatilized and mixed in a room 20 by 10 
by 8 ft. (45.3 m.*), a concentration of 52 
ppm could theoretically be achieved. As 
shown in Tables 1 and 2, concentrations 
in this range produced profound effects in 
laboratory animals exposed for four hours. 


SUMMARY 


Exposure of dogs, rats, and mice to nitro- 
sodimethylamine vapor caused malaise, poly- 
dipsia, anorexia, ascites, liver damage, and 
bleeding. Clinical, laboratory, and pathologic 
observations of exposed dogs revealed ele- 
622 


ARCHIVES OF INDUSTRIAL HEALTH 
vated rectal temperatures, an immediate 
transient leucopenia, disruption of the blood 
coagulation mechanism with bleeding, and 
severe liver cell damage. This liver damage 
is most responsible in the production of a 
diseased state. 


Correlation of data from this report with 
a few reports of human morbidity on ex- 
posure to the compound reveals that this 
vapor is highly toxic. Adequate precautions 
should be taken to prevent human exposure. 


REFERENCES 
1. Hamilton, A., and Hardy, H. L.: Industrial 
Toxicology, Ed. 2, New York, Paul B. Hoeber, 
Inc. (Medical Book Dept. of Harper & Brothers), 
1949, p. 301. 
2. Freund, H. A.: Clinical Manifestations and 


Studies in Parenchymatous Hepatitis, Ann. Int. 
Med. 10:1144, 1937. 


M., and Magee, P. N.: 
Toxic Properties of Dimethylnitrosamine, 
Indust. Med. 11:167, 1954. 

4. Finney, D. J.: Probit Analysis, Ed. 2, Lon- 
don, Cambridge University Press, 1952. 

5. Wintrobe, M. M.: Clinical Hematology, Ed. 
5, Philadelphia, Lea & Febiger, 1952, pp. 300-316. 

6. Gradwohl, R. B. H.: Clinical Laboratory 
Methods and Diagnosis, Ed. 4, St. Louis, The C. 
V. Mosby Company, 1948, pp. 523-524. 

7. Malloy, H. T., and Evelyn, K. A.: Deter- 
mination of Bilirubin with the Photoelectric Color- 
imeter, J. Biol. Chem. 119:481, 1937. 

8. Quick, A. J.: Nature of Bleeding in Jaundice, 
J. A. M. A. 110:1658, 1938. 

9. Hawk, P. B.; Oser, B. L., and Summerson, 
W.H.: Practical Physiological Chemistry, Ed. 12, 
Philadelphia, The Blakiston Company, 1947, pp. 
290-300. 

10. Dreskin, O. H., and Rosenthal, N.: Hemo- 
philia-Like with Prolonged Coagulation 
Time and Circulating Anticoagulant, Blood 5:46, 
1950. 

11. Feinsilver, L., and Smith, C. J., Jr.: Quanti- 
tative Determination of N-Nitrosodimethylamine 
Vapor in Air, Cml C Medical Laboratories Re- 
search Report 318, Army Chemical Center, Md., 
October, 1954. 

12. Jacobson, K. H.; Clem, J. H.; Wheelwright, 
H. J., Jr.; Rinehart, W. E., and Mayes, N.: Acute 
Toxicity of the Vapors of Some Methylated Hydra- 
zine Derivatives, A. M. A. Arch. Indust. Health, 
this issue, p. 609. 


3. Barnes, J. Some 


3rit. J. 


Disease 


‘ 
4 
= 
ae 
: 
2 
Ve, 


Vapor Toxicity of a Composite 


CHARLES W. La BELLE, MS. 
and 
HEINRICH BRIEGER, M.D., Philadelphia 


In the introduction to their monograph 
on “Industrial Toxicology,” Hamilton and 
Hardy * emphasize that “the puzzling ele- 
ment of a mixture of poisons is much more 
likely to enter in industrial cases than in 
ordinary cases.” In spite of this fact, only 
few informative reports on the effects of 
exposure to mixed air contaminants have 
been published. These have been reviewed 
recently by Brieger.’ 

Solvent mixtures are widely used in 
industry. However, synergistic or antag- 
onistic effects of their component vapors 
have been very little explored. Drinker and 
associates * found that rats which had not 
shown evidence of poisoning by chloro- 
naphthalenes died when they were given a 
small dose of carbon tetrachloride. Schrenk 
and associates * compared the toxic action 
in dogs and guinea pigs of pure benzene 
with that of commercial and crude benzene 
containing 17.0% to 26.7% toluene, 0.0% 
te 0.9% carbon disulfide, and 0.6% to 1.9% 
paraffins. The response of the animals was 
characteristic of benzene poisoning, and the 
differences in degree were of doubtful sig- 
nificance. Interaction between benzene and 


Received for publication May 16, 1955. 
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Ys rincipal Components 


its homologues was investigated also by 
Svirbely and associates.* The acute vapor 
toxicity in mice of two mixtures consisting 
of 50% to OO0% benzene, 30% to 35% 
toluene, 4% xylene, and other hydrocarbons 
was between that of the more toxic toluene 
and the less toxic benzene. Extended ex- 
posure of rats and dogs to 1000 ppm of the 
two mixtures produced virtually the same 
effects as exposure to 1000 ppm of benzene. 
According to Hough and co-workers,’ pure 
benzene appeared more toxic to dogs than 
a mixture of 60% benzene, 30% toluene, 
and 10% xylene. 

Little is known of the effects of composite 
solvent vapors on man. Smith * has described 
the case of a painter who had been exposed | 
for one year prior to his death to the vapors 
of a paint remover which consisted of 
chloroform, carbon tetrachloride, and the 
higher chlorinated compounds of ethane, 
propane, butane, and pentane; the causes of 
death were aplastic anemia and ulcerative 
colitis. More definite information on the 
synergistic action of two solvent vapors is 
contained in a report by Smith and Mayers.® 
Two young women exhibited signs of severe 
intoxication, including convulsions and loss 
of consciousness, after exposure to methyl- 
ethylketone and acetone in subtoxic concen- 
trations (298 to 560 and 330 to 495 ppm, 
respectively ). Quadland’s — study of reports 
on occupational diseases attributed to volatile 
solvents lists poisoning by mixtures of vari- 
ous solvents and carbon tetrachloride (more 


* References 5 and 6. 
+ References 10 to 12. 
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TABLE 1.—Composition of Mixed Solvent 


Per Cent 


55.7 


Component 
Methylethylketone 
Propylene formal 
1,3-amylene oxide 
Tetrahydrofuran 
1,3-butylene oxide * 
Dimethyl] acetal 
Propylene acetal * 
Acetone * 


* Not tested for toxicity. 


than 36 cases), benzene (2 cases), and 
petroleum solvents (52 cases). Signs and 
symptoms observed in several of these cases 
indicate indeed a composite clinical picture 
of poisoning. 

The composition of the solvent used in 
the experiments reported here is shown in 
Table 1. The purpose of this investigation 
was to determine the inhalation toxicity 
of this mixture and to compare it with that 
of its individual components. The experi- 
mental work was divided into three phases: 
saturated vapor toxicity, acute vapor tox- 
icity (L. Ct.s9), and extended exposure to 
a chosen vapor concentration. 


METHODS AND TECHNIQUES 


The saturated vapor toxicity was determined 
by a method developed by LaBelle and associates.13 
Groups of six adult white mice of 20 to 25 gm. 
body weight were placed in a 2-liter chamber and 
exposed continuously to saturated= vapor until 
all six mice were dead. The survival time was 
recorded for each animal. The geometric mean 
survival time of the group was taken as an index 
of relative toxicity. In the case of the mixture, 
the evaporating liquid was replaced at frequent 
intervals in order to avoid progressive changes in 
the composition of the vapor. 

The acute vapor toxicity was tested by the method 
of Carpenter and associates.14 Groups of eight 
adult male albino rats were placed in a 30-liter 
chamber and exposed to a fixed concentration of 
The survivors 
observed 


vapor for a period of four hours. 
the chamber and 
The procedure was repeated at other 
until the L.Ct.so could be calcu- 
lated from «a dose-mortality curve, following the 
method of Bliss. of the saturated 


were removed from 
for 14 days. 
concentrations, 


The results 


~The vapor is actually somewhat less than 
saturated, chiefly because of cooling effects which 
take place during evaporation. 


624 


A. 


ARCHIVES OF INDUSTRIAL HEALTH 
vapor tests proved to be useful in estimating in 
advance the range of doses needed to develop the 
dose-mortality curve, since doses which kill all 
or none of a group of animals cannot, in general, 
be used to estimate the L. Ct.so. In the absence 
of any guide, it is often tedious to locate the range 
of partial kill by trial and error. 

Chronic vapor toxicity was studied by exposing 
rats and guinea pigs to the vapors of the mixture 
and of the principal component, respectively, for 
periods of 12 weeks, 5 days a week, 7 hours 
a day. All animals were killed at the end of the 
experiment, and the organs were examined macro- 
scopically and microscopically. Nonexposed control 
animals were kept in the same environmental con- 
ditions as the experimental animals. 

The volatility of the compounds which form the 
mixture differs considerably. In order to deter- 
mine the L.Ct.so and the chronic toxicity of the 
mixture, it was therefore necessary to develop a 
feed mechanism which would ensure that the per- 
centage composition of the vapor throughout the 
experiment would remain constant and_ identical 
with the percentage composition of the liquid. The 
method by which this was accomplished is described 
elsewhere.?® 

The concentrations in air of both the vapors of 
the mixture and of the components were determined 
spectrophotometrically. 


RESULTS 

Table 2 gives the results obtained with 
exposure of mice to saturated vapor. The 
survival times range from a mean of 23 
minutes for 1,3-amylene oxide to a mean of 
224 minutes for propylene formal. The sur- 
vival time of mice exposed to the mixture 
is 59 minutes, close to the value found for 
the principal component, methylethylketone 
(43 minutes) ; both values occupy a median 
position in the series. 


Taste 2.—Saturated Vapor Toxicity 
Survival of Mice—Continuous Exposure 


Nominal Mean 

Coneen- Survival 

tration,* Time, CT., 

Compound Ppm Min. Ppm X Hr. 

1,3-amylene oxide...... 45,000 23 17,400 
Tetrahydrofuran...... 47,400 41 32,700 
Methylethylketone..... 103,000 43 74,500 
Dimethyl acetal........ 136,000 90 204 ,000 
Propylene formal...... 138,000 224 514,000 


* Calculated from weight of solvent evaporated during 
exposure. 
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VAPOR TOXICITY OF A COMPOSITE 
TABLE 3.—Acute Vapor Toxicity of Solvent 
Mixture and Methylethylketone 
Response of Rats to Known Concentrations— 


Four-Hour Exposure 


SOLVENT 


Figure. Again, the value for the mixture was 
close to that for methylethylketone, and both 
occupy median positions in the series. Curi- 
ously, the order of toxicity obtained with this 


Concen- Rats Rats test was reversed from that obtained with 
tration, Exposed, Killed, Mortality, 
Run No. Ppm No. No. Per Cent saturated vapor. 
A. Solvent Mixture Ng ti shee t 
Al 5,130 3 AS 1oned above, the acute toxicity 
A2 5,400 8 1 12.5 of the mixed vapor was found to be close 
A3 6,350 8 2 25 Ale 
to that of methy lethylketone, which consti 
A5 9,870 8 6 75 tutes more than half of the mixture, with 
AG 14,300 8 6 75 
the differences being statistically nonsignifi 
B. Methylethylketone 
Bl 7,850 4 0 0 TABLE 4.—Acute Vapor Toxicity 
B2 9,090 8 1 12 L. Ct.co in Rats—Four-Hour Exposure 
B3 9,260 8 1 12.5 
B5 13,750 8 7 87.5 L.Ct.so, Error, 
B6 18,100 4 4 100 Compound Ppm Ppm Remarks 
B7 20,200 4 4 100 * Solvent mixture....... 10,100 2,100 Narcosis 
Most deaths 
immediate 
* This value proved to be too far above the mean to Methylethylketone..... 11,700 2,400 Narcosis 
be used in the caleulation. : Most deaths 
immediate 
1,3-amylene oxide...... 90,000 21,000 Nareosis 
Table 3 shows the results of the acute ss Most deaths 
vapor toxicity tests for the mixed solvent Tetrahydrofuran...... 18,000 3,300 Nareosis 
and for methylethylketone. Similar sets of Most deaths 
immediate 
dose-response pairs were obtained for each Dimethyl acetal........ 4,000 750 Nareosis 
All deaths 
of the other components. From these data, immediate 
me mata Propylene formal...... 400 100 Nareosis 
the corresponding L. Ct.59 was calculated ; Most deathe 
the results are shown in Table 4 and the delayed 
ACUTE VAPOR TOXIC ITF 
so} 
NMUATURE, 
90+ el 
4 
med 
wot 
: 
= THE 
re) 4 
200 1900 10,000 


PARTS PER MILLION 


Response of rats to four-hour exposure to propylene formal (PF), dimethyl acetal (DMA), 
solvent mixture, methylethylketone (MEK), tetrahydrofuran (THF), and 1,3-amylene oxide 


(Am Ox). 


Regression lines represent Bliss solutions. 
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cant. The chronic toxicity of these two 
materials was investigated. In each case, 15 
guinea pigs and 25 rats were exposed, 15 
of the rats being used for hematological 
examinations, while the remaining 10 were 
reserved for growth studies and other ob- 
servations. These animals were placed in 
a 1 cu. m. chamber. After a conditioning 


5.—Chronic Vapor Toxicity (Rats) 
Postexposure Findings * 


Solvent Methylethyl- Control 

Mixture ketone Animals 
Ee 134 gm. 95 gm. 135 gm. 
Hemoglobin, 

13.80 15.22 14.12 
Red blood cells........ 8,710,000 9,410,000 8,590,000 
White blood cells..... 13,900 14,850 12,660 
Neutrophilie cells..... 3,600 3,500 3,000 
Lymphocytes......... 9,900 10,600 9,200 
Monocytes............ 250 450 350 


Gross autopsy findings: no significant pathologic changes. 
Microscopic findings: no significant pathologie changes. 


* The figures represent the mean. 


period of one week, they were exposed to 
the vapors of the solvent mixture and methyl- 
ethylketone, respectively. The mean concen- 
tration of the mixed vapor was 226 ppm+25 
S.D., and that of methylethylketone was 
235 ppm+26 S.D. No deaths occurred. 
Signs of intoxication were not observed. 
Table 5 presents the findings after exposure ; 
the differences are of no or questionable 
biological significance. 

Both control and experimental guinea pigs 
developed normally during the first month 
of exposure. Then the animals started to 
show signs of vitamin deficiency which 
interfered with growth and their good state 
of health; two animals in each group died. 
In the third month, the animals in both 
groups recovered and gained weight. On 
autopsy, after 12 weeks’ exposure, infectious 
processes were in evidence. There were no 
significant differences between control and 
experimental guinea pigs during their life- 
time and on anatomical examination. 


COMMENT AND CONCLUSION 


Both the mixed vapor and the component 
vapors have the same qualitative effect of 
anesthesia and narcosis. It has been demon- 
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strated that rather substantial differences 
exist as far as the degree of toxicity of the 
individual components is concerned (Tables 
2 and 4). The question, therefore, is whether 
the toxicity observed for the mixture agrees 
with the degree to be expected on the basis 
of the toxicities of the compounds. Methods 
to approach such problems mathematically 
have been published by Finney,'® but they 
involve assumptions which would be un- 
warranted in this case. For the purpose of 
this investigation, only large differences 
are of toxicologic significance. In Table 6 
the acute toxicity of the mixed vapor is 
compared with the geometric mean of the 
component toxicities weighted by their re- 
spective proportions in the mixture; the 
difference between the two values is only 
approximately 10%. This is not sufficient 
to prove synergistic or antagonistic effects 
of the components. 

The acute toxicity of the mixed vapor is 
close to that of methylethylketone. ihe re- 
sults of extended exposure of rats and guinea 
pigs to the vapor of the solvent mixture 
(226 ppm) and of methylethylketone (235 
ppm) differ only very slightly from each 
other. These findings place the composite 
solvent in the toxicologic category of its 


TABLE 6.—Comparison of Observed Toxicity with 
Wetghted Mean Values 


Survival in 


Saturated L.Ct.so, 

Vapor, Four-Hour 

Min. Exposure 
Observed for mixture........... 59 10,100 
Caleulated mean of components 53 9,030 


principal component, methylethylketone. In 
addition, this study has resulted in the dem- 
onstration of a method for determining the 
vapor toxicity of a composite solvent in rela- 
tion to the vapor toxicities of its components. 
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CORRECTION 


In the article “Determination of Hydrazine and Ammonia in Air,” by Herbert McKennis Jr., 
Ph.D., and Lloyd B. Witkin, Ph.D., in the November issue of the ARCHIVES an error occurred 
in the formula in the right hand column on page 511. The formula should read as follows: 


The sentence following the formula should read as follows: 


reported from another laboratory.” 


“A similar procedure has been 


627 


hee 
oy 
= 
4 
= 
‘ 
4 


P, ulmonary Effects rom 


Sulfate Dust 


H. CEMBER, M.S. 

T. F. HATCH, S.M. . 
J. A. WATSON, M.S. 

and 

T. GRUCCI, MS., Pittsburgh 


Tolerance values, or maximum allowable 
atmospheric concentrations of radioactive sub- 
stances, are calculated on the basis of uniform 
distribution of the isotope in the critical 
organ.* When this consideration is applied 
to radioactive particles inhaled into the lung, 
account is usually not taken of the fact that 
a very large amount of energy is dissipated 
within a very small volume of tissue. If this 
total amount of energy were absorbed by the 
entire lung, no special problem would result. 
However, because of the focal nature of the 
radiation, a zone of cells close to the radio- 
active particle may be irradiated far in excess 
of the maximum permissible quantity, and 
serious damage may result to those cells. 
This type of reasoning led to the postulation 
of a “particle problem”* and raised new 
questions in the evaluation of the hazard 
associated with air-borne radioactivity. 
Earlier reports of lung damage that were 
attributed to the inhalation of radioactive 
matter by radium-ore miners in Europe did 
not ciearly distinguish between the effects of 
the atmospheric radon and the radioactive 


Received for publication May 12, 1955. 
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Department of Occupational Health, Graduate 
School of Public Health, University of Pittsburgh. 

* References 1 to 3. 
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atmospheric dust.} With a single exception, 
there is no report showing a clean-cut cause- 
and-effect relationship between the inhalation 
of radioactive particles and the production of 
any kind of lung cancer. In this once- 
reported experimental induction of lung 
cancer, Lisco and Finkel * found a significant 
number of primary bronchiogenic carcinomas 
in rats that had inhaled radioactive cerium 
oxide fumes. If the inhalation of radioactive 
particulates does indeed present a unique 
problem, then a number of practical ques- 
tions regarding our concepts of the tolerance 
dose, the criteria in the characterization of a 
radioactive atmosphere, and the means of 
measuring the relevant parameters are raised. 


In order to determine whether or not a 
particle problem exists, several groups of 
rats were exposed to insoluble radioactive 
particles of varying specific activity and were 
serially killed at monthly intervals after 
exposure for a period of nine months. 
Although no damage was expected during 
the early months, it was thought that it 
might be possible to trace the development 
of such pathological changes as might develop 
by studying the lungs of the animals killed 
before observable signs appeared. Early 
subtle changes in lung architecture might in 
this way be traced back from the final stage 
of the changes. 


EXPERIMENTAL TECHNIQUES 


A 0.15 ml. suspension of radioactive particles con- 
taining 267 of barium sulfate was introduced directly 
into the lungs through a blunt 18 gauge hypodermic 
needle inserted into the trachea through the pharynx. 


+ References 5 and 6. 
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EFFECTS FROM RADIOACTIVE BARIUM 


Pentobarbital (Nembutal) was used to produce gen- 
eral anesthesia during the insufflation. The initial 
penetration of the particles is shown in Figure 1, 
which is an autoradiogram of a lung section taken 
from an animal killed immediately after insufflation. 
With use of this technique, it had been shown that 
about 40% of the dose administered was delivered 
to the deep respiratory tract.* The radiation was 
due to S*5, a pure beta emitter whose half-life is 87 
days and whose maximum energy beta particle is 
0.169 mev. The raw material for the particles was 
a mixture of carrier-free radioactive sulfuric acid 
and hydrochloric acid produced by neutron irradia- 
tion of hydrochloric acid.t The acid mixture was 
diluted to 0.002 N and then adulterated with 0.002 N 
inert sulfuric acid to achieve the desired specific 


SULFATE DUST 


ing about 125 gm. each, was insufflated with 4.5uc. 
A second group of 21 rats, also weighing about 125 
gm. each, was dosed with 45 4c. The highest dose, 
4.5 mc., was administered to each of 38 rats in a 
third group, which weighed about 200 gm. each. 
Thirty-five animals were used as controls; fifteen 
received inert barium sulfate, and twenty were kept 
as colony controls. After serial killing, the lungs, 
liver, kidneys, spleen, and the gastrocnemius muscle, 
together with the femur, were removed for analysis 
and for histopathologcal examination. In all cases, 
a fraction of the organ was used for histological 
evaluation, while the remainder of the organ was 
digested !° in order to recover S*5. For purposes of 
total sulfur determination in the organ, it was as- 


Fig. 1—Autoradiogram of a lung section from 


slightly from mag. x 125. 


activity. After neutralization of the adulterated acid 
with 0.002 N sodium hydroxide, barium sulfate par- 
ticles were precipitated by the addition of excess 
barium chloride to the sodium sulfate solution. The 
specific activities of the particles were 9.1 10~7 uc, 
9.1x10-* uc, and 9.1«10-4 uc per particle, corre- 
sponding to total doses of 4.5 uc, 45.0 4c, and 
4.5 me., respectively, at each dose level. The par- 
ticle size distribution thus obtained, 1.45 u+0.40 4, 
has been shown to be optimum for deep pulmonary 
retention. 


One hundred seventeen female rats, Strain CFW, 
were used in the study. One group of 23 rats, weigh- 


This was procured from the Oak Ridge 
National Laboratory, Item S-35-P-1, U. S. Atomic 
Energy Commission Isotopes Catalogue, July, 1952. 


a rat killed immediately after exposure, reduced 


sumed that the total sulfur was proportional to that 
in the digested fraction. The sections removed from 
the lungs for histological study were chosen after 
gross examination of the lungs for any areas of 
pathology. When no significant area was found, a 
tissue section through the hilus was removed. Auto- 
radiograms were made of lung sections from 
animals killed at various time intervals. Sections 5 # 
thick were mounted directly on 2 by 2 in. medium- 
contrast lantern-slide plates. After development, the 
autoradiograms were stained with hematoxylin and 
eosin, thereby producing an autoradiogram and 
stained section superimposed on the same slide. 


DOSIMETRY 
The dose rates, in terms of roentgen 
equivalents physical (rep) per day delivered 
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by the radioactive dust, may be calculated by 
three alternative methods as follows: 


1. Average dose rate to the organ: 
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dose rate close to the particle and the very 
rapid decrease of rate of energy absorption 
with increasing distance from the particle. 


ergs 


Que X 3.7 K 104 —— X1.6X 10-* X8.65 x 
rep/day= ergs/gm. 
W gm.X95 
rep/day—=Quec K 
QOvc=microcuries in organ 
E=mean energy per beta particle 
W=weight of organ 
2. Average dose rate to the sphere of tissue RESULTS 


surrounding the dust particle and within the 
maximum range of the beta radiation: 


rep/day= 


All the animals used in this experiment 


were autopsied, and microscopic sections of 
mev 
Quc X 3.7 X x1.6x 106 
m. ergs/gm. 


= 
x95 
3 cm 


rep 


Qvc=microcuries per particle 


r=beta ray range, centimeters 


p=tissue density 


3. Dose rate as a function of distance from 
the particle (This may be approximated 
by assuming that the radiation density in 
a thickness of tissue will decrease because 
of absorption in the tissue and because of 
dispersion due to the inverse square law. 
An experimentally determined relationship 
describing the absorbed 
energy around a point source is given by 
Loevinger."') : 


distribution of 


where 
f(ur)= +5 for 0<r<l 

f(ur)= + — for 


ur 
The linear absorption coefficient, u, for 
various beta ray energies, was detertuined 
by Loevinger.§ For S**, it is equal to 0.0302 
per-micron. The dose rate, in rep per day, 
at a distance y microns from the particle, 


is given by 


Oue X 3. 7X 


lung, liver, kidney, and spleen were examined 
for each animal. No benign or malignant 
neoplasm was found in any of these organs. 
Certain changes, including some degree of 
acute or inflammation, 
granulomatous lesions, and foamy macro- 
phages, were found in the lungs of animals 
at all exposure levels as well as in the con- 
trols (Figs. 3 to 6). Fat stains done on 
frozen tissue sections containing the foamy 
macrophages demonstrated the presence of 
lipid material. The 
in alveoli, with acute bronchopneumonia, 
and in conjunction with granulomatous 
lesions, resembled those described by Snif- 
fen ’* and Gross '* as those associated with 
lipid pneumonia. 


chronic scarring, 


foam cells, found free 


Sniffen produced lipid pneumonia by intra- 
tracheal injections of virulent organisms in 
hyperlipemic rabbits. The acute pneumonitis 
was followed by a chronic phase character- 


dis ergs 


X1.6x10° 8.64 108 


day 


(<2) 
day 


The variation of dose rate with respect to 
distance from the particle is of special inter- 
est. Figure 2 shows the intense radiation 


§ Loevinger, R.: Energy Distribution 
Point Beta Source, unpublished data. 
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ized by large numbers of foamy macrophages 
Sniffen feels 
that the lipid material results from non- 
specific injury to the lungs and that the fat 
in the lesion prevents rapid resolution, 


in alveolar walls and spaces. 


i 
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EFFECTS FROM RADIOACTIVE BARIUM SULFATE DUST 


Dose Rate, Rep per Day 


Q 20 40 80 20 10 200 240 280 
Distance from particle, microns 


10 


: Fig. 2.—Absorbed dose rate in tissue as a function 
iy of distance from a 9.1X10°* BaS*5O, particle. 


Fig. 4—Lung section from a rat that received 4.5 
me. of BaS*5O, and was killed 273 days after ex- 
posure; note large foamy macrophages in the alve- 

Fig. 3—Focal area of interstitial chronic.inflam- oli; reduced from mag. x 250. 
mation in a rat that was exposed to inert barium 
sulfate; reduced from mag. x 375. Fig. 5.—Subpleural dense collagen scar in a rat 
that was killed 43 days after exposure to 4.5 me. 
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Fig. 6.—Lung section from a rat killed 153 days 
after exposure to 4.5 mc.; trichrome stain shows 
presence of collagen in area of chronic inflammation ; 
reduced from mag. X 125. 


thereby projecting the inflammatory reaction 
into a chronic phase. 

A summary of the pathological findings is 
given in Table 1. Although the data given in 
the Table do not appear to show any differ- 
ence between the control and the experi- 
mental animals, the areas of scarring and 
inflamed lung tissue in the highest dose 
group were somewhat more extensive than 
in the other groups of rats. 

Since subjective interpretations of patho- 
logical findings are not amenable to quanti- 
tative treatment, it was not possible to 
incorporate these interpretations into the 
Table. Because of the lack of a clear-cut 


difference between the experimental and 
control animals, and the fact that it was 
possible to trace the progression from the 
acute lesion to the dense scar in both these 
populations, it is felt that the observed path- 
ology was not the aftermath of radiation 
injury. This conclusion is further reinforced 
by Sniffen’s'* observations of the same 
pathological results following exposure to 
virulent micro-organisms. 

The lung retention! data are plotted in 
Figure 7. The total dose \ Fig. 8) delivered 
to the lung during an exposure of any time 
interval may be calculated: by graphically 
integrating the area under the retention curve 
and using Equation (1). 


7 
Total dose=K f Qdt 


Table 2 summarizes the total dyses and 
the initial daily dose rates paola 
ing to each of the methods described in the 
previous section. 

From the retention curves, it may be seen 
that the particles are eliminated at an ex- 
tremely rapid rate. This is in agreement 
with observations previously reported, in 
which the rapid decrease in radioactivity in 
the lung was correlated with a decrease in 
the number of radioactive foci on autoradio- 
grams.* Figure 9 shows a lung section from 
a rat that was killed four months after insuf- 
flation. The isolated particles are of particu- 
lar interest, since they represent the ultimate 
in short-range focal radiation. 


COMMENT 

The negative results with respect to tumor 
production reported in this experiment are 
in sharp contrast to the production of lung 
tumors in rats following exposure to Ce'Os 


fumes as reported by Lisco and Finkel.’ 


Tasce 1.—Pathological Findings 


Sig- Foam Cells 


nificant 
Non- Asso- 
Animals Animals Granu- specific Free ciated 
Treated,* Observed,* Normal lomatous Dense Inflam- in with 
Dose No. No. Findings Lesions Sear mation Alveoli Lesions 
Colony control ........... 20 20 13 0 2 5 2 1 
15 9 8 1 0 0 0 0 
ean ncaccccndewes 23 19 15 2 0 2 3 3 
21 20 15 1 0 4 2 2 
26 3 4 3 7 3 


* The difference between the number of animals treated and observed is due to losses not associated with radia- 


tion, such as cannibalism, middle ear infection, ete. 
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-34 


4.5 Microcuries 


4.5 Millicuries 
. Fig. 7—Lung retention. 
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peer cape ticles in lung four months after exposure; reduced 
p Fig. 8—Total radiation dose absorbed by lungs. irom mag. X 125. 


Tas_e 2.—Summary of Doses and Dose Rates 


Mean Dose Mean Dose 
Rate to Rate to Dose Rate Dose Rate 
Total Dose, Lungs, Sphere, at5u, at 50 4, 
Activity Rep Rep / Day Rep / Day Rep/ Day Rep Day 
4B 24,000 9,690 26 94 X 10* 1,400 
3,200 96.9 0.26 40 14 
BB 58 9.69 0.026 94 14 
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Since the exposure time and the radiation 
dose from the cerium oxide that caused 
bronchiogenic carcinoma in that experiment 
were of the same order of magnitude as that 
which failed to produce tumors in the present 
experiment, which utilized barium sulfate 
particles, the differences between the two 
effects must be in some other factor. Cerium 
and its radioactive daughter Pr'** emit high- 
energy beta and gamma radiation, in contrast 
to the soft beta rays emitted from S**. In 
addition, both the biological and the physical 
half-lives of cerium are longer than the half- 
life of sulfur. The cerium oxide, in the form 
of a fume whose particle size was about 0.3y, 
was probably more widely distributed than 
the 1.45y barium sulfate particles. All these 
conditions combine to produce general radia- 
tion of the lung by Ce'* and Pr'**. In the 
case of the barium sulfate, the isolated foci 
and the short-range beta radiation restricted 
the irradiated volume to a small fraction of 
the total lung volume and, in this sense, 
more nearly met the requirement of a 
“particle problem.” 

This experiment suggests that for S*°, 
and probably for C'*, there is no particle 
problem and that the very intense dose rates 


in cells close to the radioactive particles aré~~ 


not very significant for the nine-month ex- 
posure period. However, before an answer 
to the “particle problem” is given it is neces- 
sary to establish the exact relationship be- 
tween the volume of irradiated tissue and 
the absorbed radiation dose. 


SUMMARY 


Rats were exposed by intratracheal insuf- 
flation to radioactive barium sulfate particles 
at three levels of exposure, viz., 4.5 mc., 
45yc, and 4.5uc radiosulfur, and were serially 
killed over a nine-month period. A very 
small increase in the intensity of inflamma- 
tion and cicatrization was observed in the 
animals that received the highest dose. This 
increase, however, was not considered signi- 
ficant and was not attributed to radiation. 
It is therefore suggested that the intense 
radiation dose delivered to the small volume 
of lung tissue in the immediate vicinity of 
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the barium sulfate particles may not be as 
hazardous as might be expected or that the 
latent period for production of serious radia- 
tion injury is very much longer than the 
nine-month period over which these animals 
were observed. 


Mr. Jack Thomas prepared the histological sec- 
tions, and Dr. H. Richard Hellstrom assisted with 
the pathological interpretations. 
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In 1951 the Department of Industrial 
Hygiene in Peru conducted studies of en- 
vironmental work conditions and performed 
medical examinations of 670 workers who 
were employed in the mining and processing 
of vanadium ore. This group of workers 
included miners, workers in various plant 
operations, maintenance workers, electri- 
cians, carpenters, and others associated with 
the industry. This study was very general 
and subject to a number of limitations. 
Therefore, in 1953 part of these workers 
were selected for detailed studies to deter- 
mine the effects, if any, of exposure to 
vanadium on health. The groups selected 
consisted of 78 workers who were engaged 
in the processing of vanadium ore and 37 
workers, designated as a control group, who 
lived under the same environmental condi- 
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tions but worked in occupations without 
exposure to vanadium. Of the 78 workers 
employed in vanadium-processing opera- 
tions, 39 were directly exposed to vanadium- 
bearing ore before roasting, which ore is 
designated as inactive ore, and 39 workers 
were exposed to vanadium ore in operations 
after roasting and in final processing, which 
ore is designated as active ore. 

These workers were selected because they 
were engaged in occupations which were 
quite uniform and in which the degree of 
exposure could be measured. Miners were 
not included in this investigation, since 
the mines are open-pit and the degree of 
exposure varies greatly with climatic condi- 
tions, such as rainy seasons. Although the 
results reported are primarily from the de- 
tailed study, some data from the 670 workers 
are included in this paper. 


REVIEW OF LITERATURE 

Several reports have been published on 
the effects of industrial exposure to vana- 
dium on the health of workers. For the 
most part the following symptoms have been 
described as characteristic of the effects of 
vanadium compounds: dyspnea * ; wheezing 
sounds ¢; cought; pallor of the skin *; 
irritation of the conjunctiva §$; slight or 
copious nasal catarrh ||; sores in the nares § ; 
dryness or smarting of the nose and 
throat #; tremor of the fingers and arms,* 


* Reference | to 7. 
+ References 1 to 7. 
t References 1 to 7. 
§ References 1 and 7. 
|| References 1 and 4. 
{ References 1 and 7. 
# References 1 and 4. 
* References 1 and 7. 
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and greenish black discoloration of the 
tongue.t Wyers? reported raised blood 
pressure, palpitation on exertion, profuse 
bronchitis, and bronchospasm. He also found 
reticulation on x-ray examination, whereas 
Sjoberg’ reported acute changes in the 
lungs of the pneumonic type. Skin lesions 
of eczematous type due to allergy to vana- 
dium were found by Sjoberg.t. More fre- 
quent colds and pneumonia were reported 
by Sjoberg * and Wyers.? Dutton * reported 
anemia preceded by increased red cell count, 
anorexia, emaciation, severe hemoptysis, 
failure of vision, albuminuria and _ casts, 
vertigo, hysteria, and melancholia. 
ENVIRONMENTAL STUDIES 
Description of Processes —The processing 
plants where the workers are employed are 
located in the Andes Mountains, in Peru, 
South America, and are at an altitude of 
approximately 14,200 ft. above sea level. 
Thé mine, from which the ore is obtained. 
and a drying plant are located at a higher 
altitude, of approximately 15,700 ft. Briefly, 
the manufacturing’ process consists of roast- 
ing the finely ground ore, which is then 
leached and treated with sulfuric acid solu- 
tion, and the vanadium is then precipitated 
as vanadium pentoxide. The process may 
be divided into two general phases, known 
in the industry as the inactive ore (before 
roasting) and the active ore (after roast- 
ing). The ore is delivered from the mine 
to a drying plant, located near the mine, 
where it is discharged from mine cars into 
chutes which lead to Allis-Chalmers coarse 
crushers. From the crushers it is delivered 
to storage bins, from which it is taken and 
passed through a rotary dryer with tem- 
peratures ranging from 700 to 1000 F; then 
it is delivered to other storage bins and 
eventually is loaded into cars and trans- 
ported to the processing plant. Here the 
ore is mixed with rock salt in a proportion 
of about 6% to 8% and is passed through 
fine crushers and then through a drying 
furnace operated at 700 to 1000 F. The ore 


+ References 2 and 7. 
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is next ground in a ball mill and transported 
to roasting furnaces (temperatures, 1400- 
1700 F); then it is taken to quench tanks, 
mixed with 1% sulfuric acid solution, and 
passed to a: pebble mill, where it is wet- 
ground. The wet-ground material ant? solu- 
tion are filtered in rotating filters, and the 
liquid filtrate is} passed to storage tapks 
from which it is delivered to precipitator 
tanks, where the vanadium is precipitated 
by controlled acidity and heat. The precipi- 
tate is filtered in stationary falters and then 
is passed through drying furnaces. The 
dried product, containing 40% -50% of vana- 
dium pentoxide, is transported to storage 
areas, where later it is mixed with lime 
and bagged for export. Approximately 6500 
tons of ore are handled,,monthly. 


Field Sampling Methods.—A total of 105 samples 
were collected in the occupations under study for 
the purpose of determining the concentration of 
vanadium in the air. 

These samples were collected with the standard 
impinger, with a 10% solution of nitric acid as the 
collecting medium. Fifteen material and settled dust 
samples also were collected in the various occupa- 
tions. Twenty air samples were taken to determine 
the sulfur dioxide content of air. 

Air was sampled at each work location at random 
times on different days in each plant over a 
period of about three weeks. No effort was made to 
collect samples under extreme or unusual conditions. 
Enough samples were taken to insure a measure of 
average conditions. The duration of the sampling 
ranged from about 20 minutes to 40 minutes, with 
the exception of the samples which were taken in 
the workplaces of those in the control group, where 
the duration of sampling was about two hours. The 
samples were transferred to chemically clean glass 
flasks under very careful conditions to prevent con- 
tamination. These flasks were transported to the 
laboratory in Lima for chemical analysis. Extreme 
precautions against contamination also were used in 


the taking of the samples in workplaces and in the 
laboratory. 


Analytical Procedures—The vanadium content of 
all air samples and blood and urine specimens was 
determined by the method of Talvitie.8 In this pro- 
cedure, the absorbency of the magenta-black color 
of the vanadium 8-quinolinol compound in chloro- 
form is used to determine the vanadium content. 
The solution, which follows Beer’s law, has an 
absorption maximum at a wave length relatively 
free from interferences. Iron is removed by extrac- 
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TaBLe 1.—Analysis of Vanadium Ore 


Constituents Per Cent 

43.54 
13.74 


tion of the chloroform extract with an ammoniacal 
buffer at a pH of 9.4. The derivatives of the other 
metals do not absorb at the wave length of 550 ma, 
or their concentration in the final extract is consid- 
erably reduced owing to the three successive trans- 
fers of the vanadium between the aqueous and 
chloroform phases. All measurements were made 
with the Beckman (Model DU) Spectrophotom- 
eter in 1.0 cm. Corex cells and operated at con- 
stant sensitivity. Many determinations made in the 
laboratory on known solutions confirmed our claims 
of recovery. 


Parent Materials—The ore which was 
being worked at the time of the study con- 
sisted of minerals such as black and red 
shale (brozas) and carbonaceous shales 
(quisquietas). These are low-grade vana- 
dium-impregnated deposits. 

A typical analysis of the vanadium ore 
being mined is shown in Table 1. 

The vanadium content of the ore, final 
product, and settled dust is shown in Table 
2. The amount of vanadium in the ore 
ranged from 0.54% to 3.62%. The vanadium 
found in settled dust samples varied in dif- 
ferent work areas, ranging from 0.09% to 
1.15% in the areas where drying and crush- 
ing operations were performed and from 
22.80% to 25.10% in those areas where 
roasting and bagging operations were done. 
Settled dust samples in control areas showed 


a vanadium content ranging from 0.47% 
to 1.12%. 


2.—V’anadium Content of Materials and Dust 


Vanadium, 


Materials Per Cent 
0.54-3.62 
Final product 32.90 
Settled dust 
Roasting and bagging.................. 22.80-25.10 


Vanadium Concentrations in Air.—Air 
concentrations of vanadium are reported as 
milligrams per cubic meter of air. Results 
of air samples collected at various locations 
of work in the various plants and in the 
places of employment of workers included 
in the control group and air samples taken 
of the general living environment are shown 
in Table 3. The operations have been divided 
into three groups, namely, the inactive-ore 
processes, active-ore processes, and control 
area. 

The vanadium content of the air in the 
inactive-ore processes ranged from:0.01 to 
2.12 mg. per cubic meter of air, whereas 
in the active-ore processes the vanadium con- 
tent of air ranged from 0.02 to 58.80 mg. 
per cubic meter of air. The highest vana- 


TABLE 3.—Air Concentration of Vanadium 


Vanadium, 


Locution 
Inactive-ore processes 
Crushing, storage of ore 
Active-ore processes 
Roasting, grinding 


0.01-2.12 


0.02-1.10 
Mixing V2Os with lime and bagging... 0.77-58.80 
Av. 12.77 
COMED 0.000-0.007 


dium concentration in air was found in the 
operations of mixing vanadium pentoxide 
with lime and bagging, where the average 
of 24 atmospheric samples taken during 
various hours on different days was 12.77 
mg. of vanadium per cubic meter of air. The 
vanadium content of air in the control area 
ranged from 0.000 to 0.007 mg. per cubic 
meter of air, whereas in the living area it 
ranged from 0.003 to 0.006 mg. per cubic 
meter of air. 
Particle-Size 
size determinations were done on air-borne 
dust. Air samples were collected, with use 
of standard impingers and distilled water as 
the collecting medium. Approximately 4000 
particles were measured. In the inactive-ore 
processes, 50% of the dust particles were 
less than 1.54 in diameter and 80% were 
less than 2.54 in diameter. All dust particles 
were below 5y in diameter. In the active-ore 
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processes, 75% of the dust particles were 
less than 1.54 and 80% less than 2.54, and 
all dust particles were less than 5u in diam- 
eter. 


Exposures. — Weighted exposures were 
not computed, because, in general, the pro- 
duction operations are uniform and workers 
are employed in specific operations. The 
degree and duration of exposures vary some- 
what, depending on such factors as avail- 
ability of ore, machinery breakdown, and 
production schedules. However, these factors 
are difficult to evaluate in terms of time. 
There is some changing of workers from 
one type of work to another, but the ma- 
jority of the workers have been in their 
present occupation for more than 10 months. 

Sulfur Dioxide.— The concentration of 
sulfur dioxide in air in various work places 
ranged between 0.0 and 2.0 ppm. These 
concentrations should not cause irritation 
to the eyes, and during the three weeks 
that our personnel were in the various 
plants no irritation of the eyes was noted 
by them. 

MEDICAL STUDIES 


Procedures.—In order to make compari- 
sons between workers exposed to vanadium 
and a similar group of workers with no 
exposure to vanadium, three groups of 
workers were selected for medical examina- 
tion. One group of 39 workers was exposed 
to dust from inactive ore, another group 
of 39 workers was exposed to active ore, 
and there was a control group which con- 
sisted of 37 workers who were not em- 
ployed in any of the manufacturing processes 
with exposure to vanadium but were living 
under similar environmental conditions. This 
last group consisted of workers in the hotel, 
hospital, and powerhouse and of cable op- 
erators who worked outdoors. The number 
of workers in the three groups studied 
represented all the workers employed in 
the occupations under consideration. 

Medical examinations were performed by 
two physicians assisted by two medical 
technicians. The physicians recorded the 
occupational, personal, and illness histories 
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and performed the medical examinations. 
The medical technicians took the chest x-rays 
and performed the clinical laboratory anal- 
yses. Urine and blood samples were analyzed 
for vanadium content in the laboratory in 
Lima. Chest x-rays were taken on 14 by 17 
in. film, using a 200 ma. Westinghouse 
machine. 

In order to determine if the differences 
in medical findings between the vanadium- 
exposed workers and the control group of 
workers were statistically significant, the 
standard errors of the differences were calcu- 


‘lated. 


Characteristics of Workers Examined.— 
All the workers examined were born in 


Tas_e 4.—Age Distribution of Vanadium 
Workers and Controls 


Control Inactive- Active- 
Group, Ore Group, Ore Group, 
Age, Yr. Per Cent Per Cent Per Cent 

10.8 15.4 5.1 
59.4 41.0 23.1 
24.4 20.5 35.9 
2.7 15.4 18.0 
0 0 10.3 


the Andes Mountains, in Peru. These work- 
ers are native Peruvians, the majority being 
of Indian descent. The age of the workers 
in the three groups studied varied slightly ; 
the median age for the control group was 
25; for the inactive-ore group, 27, and for 
the active-ore group, 32. Table 4 shows the 
age distribution of the workers in the three 
groups. 

Marital status, number of children, and 
personal habits, such as the use of alcchol, 
tobacco, and coca, were elevated in this 
study, but since no significant differences 
were found among the three groups of 
workers examined, these data are not listed. 
Similarly, the number of years the workers 
had worked for the company and the num- 
ber of years they had been employed in their 
present occupation were studied. Table 5 
shows the number of years the workers 
had been engaged in their present occu- 
pation. 


it 
axe 
$$ 
< 
. 
: 


HEALTH OF VANADIUM WORKERS 
TABLE 5.--Years Vanadium Workers Had Been 
Engaged in Present Occupation 


Control Inactive- Active- 
Group, Ore Group, Ore Group, 
Years Per Cent Per Cent Per Cent 
37.9 51.2 28.2 
27.0 10.3 15.4 
5.4 7.7 20.5 
13.5 15.4 20.5 
10 and over...... 2.7 0 ton 


Past and Present Subjective Complaints. — 
The workers were questioned relative to 
types of respiratory diseases which they 
had had since entering the vanadium indus- 
try. The results of this questioning showed 
that the number of workers in active-ore 
processes who reported pneumonia and 
statistically significantly 
higher as compared with workers in the 
control group. No significant differences 
were found between workers in the inactive- 
ore processes and control workers. While 
the number of workers who reported fre- 
quent colds was higher among both groups 


hemoptysis was 


of workers exposed to vanadium than in 
the group of workers not exposed to vana- 
dium, the differences were not statistically 
significant. There were no significant dif- 
ferences in the numbers of workers in the 
three groups who _ reported hoarseness, 
sinusitis, bronchitis, bronchial asthma, and 
pleurisy. 

Table 6 shows the results of questioning 
the workers as to present complaints which 
they now have. Workers exposed to vana- 
dium, both in the active and inactive proc- 
esses, have a significantly higher incidence 


TABLE 6.—Per Cent of Workers with Present 


Complaints 
Control Inactive- Active- 
Group, Ore Group, Ore Group, 
Complaint Per Cent Per Cent Per Cent 
2.7 28.2 59.0 
Chest pain....... 54 20.5 35.9 
Expectoration... 0.0 23.1 33.3 
Headache........ 10.8 33.3 33.3 
Weight loss...... 0.0 20.5 28.2 
ee 2.7 15.4 28.2 
0.0 28.2 23.1 
Palpitation...... 0.0 7.7 23.1 
0.0 7.7 20.5 
Night sweats..... 0.0 12.8 20.5 
Weakness........ 0.0 15.4 15.4 


of cough, expectoration, loss of weight, 
weakness, and colic as compared with the 
workers in the control group. In addition, 
the workers in the active-ore processes have 
a significantly higher incidence of dyspnea, 
chest pain, night sweats, tiredness, and 
palpitation on exertion as compared with the 
control group. 

Results of Medical Examinations.—Skin: 
No significant differences were found among 
the workers in the three groups studied in 
respect to paleness of skin, skin lesions, and 


Inactive- Active- 
Control Ore Ore 
Group, Processes, Processes, 
Symptoms Per Cent Per Cent Per Cent 
Eyes 
Conjuncetiva congestion.. 6 0 10.3 
54 0 12.8 
Burning sensation ....... 10.8 15.4 35.9 
Increased vascularization 
27.0 17.9 51.2 
Nose 
2.7 15.4 28.2 
0.0 5.1 15.4 
Perforated nasal septum 2.7 7.7 7.7 
Obstruction of nasa! 
Purulent seeretions....... 2.7 2.6 2.6 
Dry sensation ........... 8.1 10.3 12 
Mouth, tongue, and throat 
Inflammation of oral 
Metallic taste ............ 2.7 20.5 30.9 
27.0 59.0 66.7 
Blue-black tongue ....... 2.7 20.5 41.0 
Throat irritation ........ 5.4 10.3 38.5 


The number of workers with 
skin lesions and dermatitis was relatively 
high in all three groups of workers; the 
occurrence of these in the control group of 
workers might have been due to exposure 
to oils, greases, and alkalies. Therefore, it 
cannot be concluded from this study whether 
or not exposure to vanadium causes derma- 
titis. 


dermatitis. 


Eyes: Table 7 shows the results of the 
examinations of the eyes. While the number 
of workers with congestion of the conjunc- 
tiva, itching, and swelling was higher among 
the workers in the active-ore processes as 
control group, the dif- 
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ferences were not statistically significant. 
The number of workers with burning sensa- 
tion of the eyes and increased vasculari- 
zation of the cornea was significantly higher 


_among workers in the active-ore processes 


as compared with the control group of 
workers. 


Nose: The results of examination of the 
nose are shown in Table 7. The number 
of workers with rhinitis and lesions in the 
nose was significantly higher among the 
workers in the active-ore processes as com- 
pared with the control workers. There was 
no significant difference in the number of 
workers with perforated nasal septum, ob- 
struction of nasal passages, purulent secre- 
tions, or dry sensation. There appeared to 
be no correlation between perforated nasal 
septum and exposure to vanadium. Seven 
workers had perforated nasal septum—one 
worker in the control group, three workers 
among those in the inactive-ore processes, 
and three of the workers in the active-ore 
processes. 

Mouth, Tongue, and Throat: Table 7 
shows that the percentage of workers with 
inflammation of the oral mucosa, metallic 
taste, blue-black coloration of the tongue, 
and irritation of the throat was significantly 
higher among the workers exposed to active 
ore as compared with the control workers. 
While the number of workers with red 
throat was higher among workers in the 
ac.'ve-ore processes as compared with the 
control workers, the differences were not 
statistically significant. The number of work- 
ers employed in the inactive-ore processes 
who had metallic taste and _ blue-black 
coloration of the tongue was significantly 
higher than the control workers. While 
the number of workers in the inactive-ore 
processes who had inflammation of the oral 
mucosa and red throat was higher as com- 
pared with workers in the control group, 
the differences were not statistically sig- 
nificant. 


Teeth: A higher percentage of workers 
employed in vanadium processes had bad 
teeth as compared with the control workers. 
640 


Also, gingivitis and pyorrhea occurred in a 
greater percentage of the workers exposed 
to vanadium as compared with the control 
group of workers (Table 7). 

Chest: Rhonchi were found in seven work- 
ers, or 17.9%, among those employed in 
active-ore processes as compared with only 
one worker, or 2.7%, among the control 
workers. This difference is not statistically 
significant. Rhonchi were not found in any 
of the workers in the inactive-ore group. 
Sibilants, or wheezing sounds, were found 
in only two workers in the active-ore proc- 
esses and among none of the workers in 
the other two groups. Crepitant rales or 
rattling were found in one worker employed 
in inactive-ore processes. 

Vital Capacity: Vital-capacity measure- 
ments were made with use of a spirometer. 
There was no significant difference among 
the three groups of workers in the median 
vital-capacity readings. A slightly higher 
percentage of workers in the active-ore 
processes and in the inactive-ore processes 
had vital-capacity readings of less than 3.5 
liters as compared with the workers in 
the control group. 

Chest X-Ray Findings: In the control 
group of 37 workers, 36 manifested normal 
lung markings and 1 worker had inactive 
tuberculosis. Among the 39 workers in the 
inactive-ore processes, 36 workers mani- 
fested normal lung markings and 3 workers 
showed linear 2 markings. Of the 39 work- 
ers in the active-ore processes, 34 workers 
manifested normal lung markings, 2 workers 
showed linear 2 markings, 2 workers had 
active tuberculosis, and 1 worker had second- 
degree silicosis. No evidence was found of 
pneumonitis or reticulation as observed by 
other investigators. Similar results of chest 
x-rays were found in our previous study of 
670 workers at this plant and mine. 

Circulation: No significant difference was 
found among the workers in the three groups 
of workers studied in respect to blood pres- 
sure readings and hypertension. No cases 
of the latter were found among all the 
workers examined. 
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Abdomen: Only one worker in the active- 
ore processes had enlarged liver, and no 
workers had enlarged spleens. 


Neurological: Only eight workers re- 
vealed tremor of the arms and fingers—four 
workers in the control group, two workers 
in the inactive-ore processes, and two work- 
ers in the active-ore processes. Tests for 
coordination of movements were made. 
These consisted of (1) bringing the heel 
of one foot to the knee of the opposite leg 
and (2) bringing the index finger of the 
right hand to the tip of the nose, both 
with the eyes closed. No abnormal findings 
were noted among the workers in the three 
groups studied. 

Muscular Strength: Estimations were 
made of muscular strength of the right 
hand by use of a dynamometer. No signifi- 
cant differences among the three groups 


of workers studied were found in the 
medians of muscular-strength readings. 
While the median of the readings was 


slightly less among the workers in the active- 
ore processes, this may be accounted for by 
the differences in age of the workers, the 
age level being higher in the active-ore 
processes. 

Results of Blood and Urine Examina- 
tions.—Clinical Findings: In the blood ex- 
aminations no significant differences were 
found among workers in the three groups 
studied in respect to red cells, hemoglobin, 
hematocrit values, sedimentation rate, white 
cells, and The 
erythrocyte count for workers in high alti- 
tudes is higher than for workers at sea 
level. The median erythrocyte count for the 
control group was 6,130,000; it was the 
same for workers in inactive-ore processes 
and was 6,040,000 for workers in the active- 
ore processes. The median hemoglobin esti- 


eosinophiles, monocytes. 


mation for the control group was 19.9 gm. 
per 100 cc. as compared with 20.0 gm. per 
100 cc. for the inactive-ore 
processes and 19.6 gm. per 100 ce. for 


workers in 


workers in the active-ore processes. 
found 
among workers in the three groups studied 


No. significant differences were 


in respect to urine specific gravity, sugar, 
albumin, and microscopic examination of 
sediment; the latter included white blood 
cells, red blood cells, and casts. Urine sam- 
ples were examined for coproporphyrins, 
and all were found to be within normal 
limits (100y-120) per 24 hours). 
Vanadium Content: Table 8 presents the 
results of laboratory analysis of blood and 
urine for vanadium content. The median 
values for vanadium in blood were 0.031 mg. 
per 100 cc. for the control group, 0.036 mg. 
per 100 cc. for workers in the inactive-ore 
processes, and 0.041 mg. per 100 cc. for 
workers in the active-ore processes. The 
highest vanadium content in blood found 
among workers in the control group was 


Tas_e 8.—Vanadium Content of Blood and Urine 


Control Inactive- Active- 
Group, Ore Group, Ore Group, 
Mg./100 Ce. Mg./100Ce. Mg./100 Ce. 
Blood 
0.031 0.036 0.041 
Maximum ....... 0.060 0.093 0.060 
Mg./ Liter Mg., Liter Mg./ Liter 
Urine 
0.016 0.017 0.041 
Maximum ....... 0.060 0.110 0.298 


0.060 mg. per 100 ce. 
0.093 mg. per 100 cc. among workers in 
the and 0.060 mg. 
per 100 cc. among workers in the active-ore 


as compared with 


inactive-ore processes 
processes. There appeared to be no relation- 
ship between vanadium content of blood 
and exposure to vanadium. 

The median value for vanadium in urine 
for the control group of workers was 0.016 
mg. per liter; it was 0.017 mg. per liter for 
workers in the inactive-ore processes, and 
0.041 mg. per liter for workers in the active- 
ore processes. The highest amount of vana- 
dium found in urine among workers in the 
control group was 0.060 mg. per liter as 
compared with 0.110 mg. per liter among 
workers in the inactive-ore processes and 
0.298 mg. per liter among workers in the 
active-ore processes. There appeared to be 
a relationship between the vanadium content 
of urine and the degree of exposure. This 
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was observed particularly among workers 
exposed to vanadium pentoxide. 


SUMMARY 


Environmental and medical studies were 
made of 78 workers engaged in the process- 
ing of vanadium-bearing ore and 37 workers 
who were employed by the same company 
in occupations where there was no exposure 
to vanadium from the various processing 
operations. Of the 78 workers exposed to 
vanadium, 39 workers were exposed to 
dust from the ore before roasting (inactive 
ore) in concentrations ranging from 0.004 
to 2.116 mg. of vanadium per cubic meter 
of air, and 39 workers were exposed to 
vanadium after roasting (active ore) and 
to the final product, vanadium pentoxide, 
in concentrations ranging from 0.018 to 
58.82 mg. of vanadium per cubic meter of 
air. Evidence is presented showing an ab- 
normally high prevalence of signs and symp- 
toms indicative of irritation to the upper 
respiratory tract and to the eyes among 
workers exposed to vanadium-bearing dusts 
as compared with workers not exposed to 
such dust. No evidence was found to sug- 
gest that vanadium, in concentrations as 
found in this study, causes systemic poison- 
ing, neurological abnormalities, cardiovascu- 
lar condition, or pulmonary pathology, such 
as pneumonitis and reticulation. 


This study was made possible through the coop- 
eration of Mr. Charles N. Banks and other officials 
of the Vanadium Corporation of America. Mr. Ame- 
dee S. Landry assisted in the development and per- 
formance of quantitative analytical procedures for 
vanadium, and Mr. Raul Vargas, in the develop- 
ment of the data. This paper was critically reviewed 
by Dr. Anna M. Baetjer and was presented by her 
before the Industrial Health Conference, Chicago, 
April 26, 1954. 
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ANNOUNCEMENTS 


A. M. A. Annual Meeting, Chicago, June 11-15, 1956.—The 105th Annual Meeting 
of the American Medical Association will be held in Chicago, June 11-15, 1956, with a full 
program of lectures, television, motion pictures, and scientific exhibits. 

The lecture program for each Section is prepared by the Section Secretary, and prospective 
participants should communicate as soon as possible with the Secretary of the Section before 
which they hope to read a paper. Application blanks for space in the Scientific Exhibit are now 
available and may be obtained from the Section Representative to the Scientific Exhibit. 
Section on Preventive and Industrial Medicine and Public Health 

Secretary: Frank Princi, M.D., University of Cincinnati College of Medicine, Cincinnati 19. 
Exhibit Representative: Paul A. Davis, M.D., 633 E. Market St., Akron 4, Ohio. 

Additional information may be obtained from the Secretary, Council on Scientific Assembly, 

American Medical Association, 535 N. Dearborn St., Chicago 10. 
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Medical, Medicolegal, and Compensation Aspects and Constructive Approach to Problems 


ABRAHAM |. GOLDNER, M.D., Flushing, N. Y. 


It is particularly fitting that this presenta- 
tion be given before the Industrial Hygiene 
Section of the American Public Health 
Association, because as in malaria, silico- 
tuberculosis, blood dyscrasias, and many 
other diseases research originating because of 
industrial aspects of these diseases added 
considerably to our knowledge and to the 
adoption of more effective controls. The 
psychological and physical damage due to 
excessive noise is not peculiar to industry, 
and the answers that are gleaned from indus- 
trial research will be of benefit to all seg- 
ments of the population. 

Occupational deafness may be classified 
grossly as (1) deafness due to excessive 


noise or explosive sound; (2) deafness 
caused by poisons or chemical agents; 


(3) deafness due to changes in barometric 
pressure, and (4) traumatic deafness, such as 
following skull injuries. In this presentation 
we will concern ourselves primarily with 
hearing loss caused by prolonged exposure 
to excessive noise. 

Deafness due to excessive industrial noise 
is not a new disease. The literature is replete 


Submitted for publication May 27, 1955. 

Presented at the 82d Annual Meeting of the 
American Public Health Association, Inc., Indus- 
trial Hygiene Section, at Buffalo on Oct. 12, 1954. 

Chairman of the Subcommittee for Conservation 
of Hearing of the Queens County Medical Society ; 
Chief of the Audiological Clinic, the Flushing Hos- 
pital; Assistant Otorhinolaryngologist, Flushing 
Hospital; Special Consultant to the State Insurance 
Fund and the Consolidated Mutual Insurance Co., 
and Special Consultant for the New York State 
Department of Vocational Rehabilitation. 


with references to deafness in blacksmiths 
and, as the industrial revolution progressed, 
to similar losses among workers in other 
noisy industries. 

In the Proceedings of the Third Inter- 
national Congress of Occupational Disease 
published more than 40 years ago, Witt- 
maack demonstrated in the laboratory that 
loud sound can injure the cochlea of experi- 
mental animals. This work has been repeated 
by many others, and it was noted that the 
lesion is located initially in the basal whorl 
of the cochlea. This portion of the cochlea is 
susceptible to other forms of trauma, such 
as skull injuries, as shown by Brunner,’ 
Grove*, and C. C. Bunch,* and chemical 
poisons, as reported by Lurie * and Taylor.® 

In 1944 McCoy ® noted a loss of hearing 
audiometrically in all shipyard workers after 
one month of employment. In 1945 I pub- 
lished a paper * evaluating the literature and 
etiological factors and formulated criteria for 
the diagnosis and prevention of occupational 
deafness. Since the war years a considerable 
amount of work has been published, again 
demonstrating the vulnerability of the inner 
ear to excessive noise and barometric pres- 
sure changes.* Insomuch as the nature of 
the military hazard is similar to that encoun- 
tered in civilian employment, this work is 
quite relevant. In 1953 I published a paper 
which gave my findings following a critical 
evaluation of 600 shipyard workers. A good 
part of the clinical material submitted today 
is derived from this paper.’® The problem of 
occupational deafness is receiving constant 
attention from various committees and semi- 
nars set up by the medical and allied profes- 


* References 8 to 18. 
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sions, and there are many additional note- 
worthy contributions to the subject which 
time does not permit mentioning. 

In a general way the following industries 
are apt to have a noise hazard: 

1. Metal industries—all the various processes 


attendant upon the fabrication and shaping of 
metal are among the prime offenders. 


. Pneumatic tool employments. 
. Spinning and weaving. 


. Rail transportation and repair shops. 


& 


. Aviation. 


. Telephone. 


All who are concerned with the problem 
of prevention and adjudication of claims for 
occupational deafness would like a simple 
numerical value below which noise exposure 
could be considered as harmless. Although 
some have ventured to set up a safe noise 
level, factors, such as character of the noise, 
time of exposure, recovery time, and indi- 


OF INDUSTRIAL HEALTH 
vidual susceptibility, would mitigate against 
the validity of such a value at the present 
time. The special subcommittee of the Ameri- 
can Standards Association and associates has 
stated the problem thusly, “Nor is a single 
magic number, such as over-all sound pres- 
sure level, apt to prove adequate to predict 
the effect of noise on hearing.” *° However, 
we who are concerned with this problem do 
not lack for ample clinical justification of a 
belief that a process is capable of producing a 
permanent hearing loss. The gross classifica- 
tion of noisy industries, a simple observation 
as to whether conversation can be carried on 
during the process in question, the character 
and type of exposure, and the clinical ob- 
servation of such an impairment in large 
groups of such workers should be more than 
adequate to establish the presence of a noise 
hazard in the absence of specific criteria for 
a safe sound pressure level. 
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Fig. 1—Effect of superimposed middle ear hydrops upon unsuspected occupational deafness. 
The dotted curve represents audiogram taken on June 6, 1954, at which time the conversational 
voice of the right ear was reduced to 14 ft. and of the left ear to 10 ft. Whisper was 6 in. and 
3 in., respectively. The solid curve represents audiogram taken on July 6, 1954, at which time 
patient felt his hearing was normal. The conversational voice had increased to 20 ft. in each 
ear, and whisper to 12 in. 
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CLINICAL PICTURE OF OCCUPATIONAL 


DEAFNESS 

It is unfortunate that the vast bulk of occu- 
pational deafness exists at a subclinical level. 
It is generally discovered when the worker's 
attention is called to his hearing by virtue of 
an accident, superimposed pathology, routine 
audiometric examination, or a concerted 
group drive to obtain compensation. And 
yet we must not permit these characteristics 
to blind us to the real functional impairment. 
Besides the real impairment demonstrated by 
proper methods, those with this type of hear- 
ing loss sustain a real handicap when the 
condition is complicated by a superimposed 
infection. Figure 1 demonstrates the hearing 
pattern of a man who presented himself for 
treatment of a severe deafness following a 
“cold.” He insisted that the deafness was of 
only recent origin. He also gave a history of 
exposure to excessive industrial noise for 


many years. It is to be noted that, though 
the superimposed condition produced only 
slight additional loss of his perception for 
pure tones, there was a substantial impair- 
ment for conversation. With the resolution 
of the superimposed pathology, his hearing 
reverted to its former status. 

The complaint of deafness at times is local- 
ized to one ear, though examination may 
disclose a greater impairment in the opposite 
ear. Mild discomfort is occasionally com- 
plained of in the region of the ear. Tinnitus, 
or ringing in the ears, is a common com- 
plaint, and in many instances it is more dis- 
turbing than the unsuspected deafness. It 
tends to become less bothersome or un- 
noticed with years of exposure, but occasion- 
ally its severity makes a change of occupation 
necessary. 

The local examination of the ear, nose, and 
throat is not revealing. Excessive noise has 


HEARING EXAMINATIONS 


Right Left Right Left 
17.4 ft. Conv. Voice 16.1 ft. 17.6 db 128 Vib./Sec. 16.4 db. 
8.1 in. Whisper 7.4 in. 14.5 256 14.5 
9.4 sec. Air Cond. 8.1 sec. 21.6 512 20.9 
5.1 sec. Bone Cond. 4.6 sec. 26.9 1024 27.4 
Weber No laterali- 37.3 2048 36.4 
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Fig. 2.—Typical occupational deafness; average findings on gross and audiometric hearing 
tests and composite audiogram curve of 403 shipyard workers. 


From A. M. A. Arch. Otolaryng., p. 290, March, 1953. 
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no effect upon the appearance of the drum 
membrane other than in cases of violent ex- 
plosion, with which we are not concerned in 
this presentation. The importance of discov- 
ered pathology of the canals, middle ears, 
nose, or throat and dentition would be in 
their possible effect upon the hearing pattern. 


The diagnosis of occupational deafness be- 
comes apparent following a careful hearing 
examination, the most important part of 
which is an audiometric evaluation. Where 
differential diagnosis is necessary, there are 
many additional tests, such as tuning fork 
tests, tests for recruitment, intelligibility 
test, speech reception thresholds, etc. 

The following chart (Fig. 2) of the find- 
ings of 403 shipyard workers ' will serve to 
illustrate the average auditory pattern. 

As noted previously, most will show no im- 
pairment for simple conversational voice at 
20 ft. When the whisper test is performed 


Possible early conductive deafness and occupa- 
tional deafness in a 37-year-old welder with six years’ 
exposure to excessive noise. Tinnitus was marked at 
the tine of examination, with obstructive deviation 
of the septum to the right and polypoid degeneration 
of the tips of both middle turbinates. 


HEARING EXAMINATIONS 


Right Left 
20 ft. Conv. Voice 20 ft. 
24 in. Whisper 12 in. 
8 sec. Air Cond. 8 sec. 
3 sec. Bone Cond. 4 sec. 
Weber No laterali- 
zation 
Dim. pos. Rinne Dim. pos. 
Dim. Schwabach Dim. 
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properly, more than half will not hear simple 
whisper. However, when this test is per- 
formed in association with a claim for com- 
pensation, it should be evaluated quite care- 
fully. The tuning fork tests should show a 
diminished air and bone conduction, with 
the normal ratio of air to bone being pre- 
served; this is known as a diminished posi- 
tive Rinne Test. There is a reduction of 
absolute bone conduction known as a dimin- 
ished Shwabach Reaction. The tuning fork is 
not generally lateralized. This test is known 
as a Weber Test. The audiometric curve is 
typical and should be fairly symmetrical, ex- 
cept in those rare instances of unequal expo- 
sure of either ear or superimposed pathol- 
ogy. The above findings in a worker exposed 
to excessive noise, in the absence of a pre- 
employment audiogram or other evidence, 
would justify a diagnosis of occupational 
deafness. 


HEARING EXAMINATIONS 


Right Left 
4 ft. Conv. Voice 3.4 ft. 
0.9 in. Whisper 0.66 in. 
1.4 sec. Air Cond. 1.3 see. 
10.8 sec. Bone Cond. 10.4 sec. 
Weber Variable 
Negative Rinne Negative 
Increased Schwabach Increased 
(17.2)* 50.8 128 Vib./Sec. 53.2 
(17.2) 52.1 256 53.9 
(26.4) 56.1 512 60.3 
(30.4) 58.4 1024 60.0 
52.6 2048 53.9 
73.4 4096 74.7 
75.3 8192 80.3 


* Bone conduction. 
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Fig. 3—A, possible early conductive and occupational deafness. B, occupational and conduc- 


tive deafness ; average findings in 19 cases. 


From A. M. A. Arch. Otolaryng., p. 297, March, 1953. 
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OCCUPATIONAL DEAFNESS 

However, this type of deafness can also 
occur as a result of degenerative disease more 
commonly seen in the elderly—luetic infec- 
tion, infectious disease, drug intoxication or 
toxicity, such as following use of strepto- 
mycin, Méniére’s disease, head injuries, and 
neoplasms. 

The deafness resulting from degenerative 
disease will be most difficult to differentiate, 
insomuch as the auditory pattern is similar. 


HEARING EXAMINATIONS 


Damaged 
Normal 


3.3 ft. 


Conv. Voice 
Whisper 

Air Cond. 
Bone Cond. 
Weber 
Rinne 
Schwabach 
128 Vib./Sec. 


burden of occupational deafness, it is neces- 
sary to recognize this feature, but the alloca- 
tion of responsibility will tax the diagnostic 
acumen and judgment of even the most skill- 
ful otologist. 

It will be noted that in those cases of estab- 
lished conductive and occupational deafness 
the auditory pattern is quite different from 
classic occupational deafness. Marked deaf- 
ness and inability to hear simple conversation 


Typical occupational deafness in right ear and 
mixed occupational and conductive deafness in left 
ear of a 35-year-old welder with 12 years’ exposure. 
Examination disclosed nothing abnormal except 
nasal obstruction on the left. 


HEARING EXAMINATIONS 


Right Left 
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12 in. 
9 see. 


7 ft. 
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1 sec. 
7 sec. 


No laterall- 
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Fig. 4.—4, effect of excessive noise on ears with perforations of the 
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tympanic membrane ; 


average findings on 11 workers with one normal and one damaged eardrum; there was no 
masking on the audiogram. B, typical occupational deafness in the right ear and mixed occu- 


pational and conductive deafness in the left ear. 


From A. M. A. Arch. Otolaryng., p. 298, March, 1953. 


In the other conditions involvement of the 
vestibular apparatus, unequal involvement, 
x-rays, and other clinical data would be of 
assistance. 

As can be seen from the following illus- 
‘ trations (Figs. 3 to 6),’° occupational deaf- 
ness frequently coexists with other forms of 
deafness. In order to reduce the financial 


are the rule rather than the exception. The 
lower frequencies are depressed and fre- 
quently inaudible, and bone conduction is 
generally better than air. These workers 
show a lessened fatigue reaction and appear 
to tolerate noisy employment quite well. 


In Figure 44 we have the opportunity to 
compare the effect of noise upon a damaged 
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Fig. 5.—A, occupational deafness in the left ear and occupational plus traumatic deafness 


in the right ear. B, bilateral occupational deafness, with the additional effect of explosive sound 
in the left ear. 


From A. M. A. Arch. Otolaryng., p. 301, March, 1953. 


HEARING EXAMINATIONS HEARING EXAMINATIONS 
Right Left Right Left 

3 ft. Conv. Voice 18 ft. 20 ft. Conv. Voice None 
None Whisper 24 in. 12 in. Whisper None 
None Air Cond. 7 sec. 9 sec. Air Cond. None 
11 sec. Bone Cond. 10 sec. 5 sec. Bone Cond. 6 sec. 

Weber Lateralization Weber Lateralization 
. to right to left 
Neg. Rinne Pseudoneg. Dim. pos. Rinne Pseudoneg. 
Inc. Schwabach Inc. Dim. Schwabach Dim. 
‘@ECIBELS 256 $22 1074 2048 4096 aise DECINELS 256 $12 1024 2048 6192 
IBTEXSITY INTENSITY 
10 
ea ° 
40 12 > 10 
2 20 29, 20 
L. 
\ 
so “a so 
4 4 60 60 
» 
109. 100 1m, ~ 100 
8 4 2046 4090 736 siz 2046 4030 
Ka heft Bor Left Bone Comiuction a 3 Left Sar Left Bone Conduction: J 
© + Right Zar A Bight Bone Conduction « C O = Right Zar B Right Bone Conduction « C 


Fig. 6.—A, deafness in shipyard worker with a congenital membrane in the right external 
auditory canal; there was no masking on the audiogram. B, mild occupational deafness in the 
right ear and severe nerve deafness in the left ear; there was no masking on the audiogram. The 
caloric reaction was absent on the left; at operation a cerebellopontile tumor was found. 


From A. M. A. Arch. Otolaryng., p. 303, March, 1953. 
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and upon an undamaged eardrum. Even ac- 
counting for the difference in acuity occa- 
sioned by such damage, it should be obvious 
that an ear with a perforation of the ear- 
drum, or loss of ossicles as result of disease, 
is more susceptible to the effects of excessive 
noise, insomuch as it has lost the effective 
protective action of an intact membrane and 
ossicular chain. 

We have surveyed in a general way the his- 
torical, etiological, pathological, and clinical 
aspects of occupational deafness and now will 
consider certain medicolegal and compensa- 
tion aspects of this problem which have de- 
veloped in the past years. 


MEDICOLEGAL AND COMPENSATION ASPECTS 


It is unfortunate that if occupational deaf- 
ness existed only as a medical problem it 
would not occasion very much concern. But 
today, because of the broad economic implica- 
tions of this problem, hardly a week will pass 
during which some type of comment upon 
various aspects of occupational deafness will 
not be made. To fully appreciate the validity 
of some of these comments, one would have 
to have a wide background of medicolegal 
and compensation experience. 


Those who have little experience in such 
matters wonder why the employer should 
have any responsibility for occupational deaf- 
ness. In those states where the conditions 
are not clearly covered by compensation stat- 
utes, liability for occupational deafness exists 
under the common law doctrine which states 
that it is the employer’s duty to use ordinary 
precautions, to warn the employee of danger, 
and, in general, to provide for a safe work- 
ing place. For the most part, states, such as 
New York, have placed occupational deaf- 
ness under the provisions of the workmen’s 
compensation statutes, with the restrictions 
of indemnity and medical care that such ac- 
tion entails. Nevertheless, such action is to 
be considered as progressive, for along with 
prohibition of harmful employment and regu- 
lation of hazardous employments, the pay- 
ment of compensation is a necessary step 
leading to control and elimination of an occu- 
pational disease. 


A statement that payment for loss of hear- 
ing without concomitant loss of wage is a 
unique and new phenomenon has received 
wide circulation in the medical and lay press. 
Actually, the concept of award for permanent 
partial loss of function is thoroughly en- 
grained in basic compensation law. In prac- 
tice, thousands of awards are made yearly 
for permanent loss of function of the extremi- 
ties, facial disfigurement, and visual impair- 
ment where there has been no actual loss of 
wages, nor is it anticipated that these defects 
will cause in and of themselves actual wage 
loss in the future. This is also true of occu- 
pational disease. In New York State many 
awards have been made for Dupuytren’s 
contracture and occasionally for lead palsy. 
In New Jersey awards have been made for 
obviously nondisabling chrome perforations 
of the nasal septum. Facial disfigurement as 
the result of an occupational dermatitis also 
falls within this category. These examples 
seem to indicate that the indemnity concept 
in workmen’s compensation has evolved so 
that loss of function rather than actual loss 
of wages is the basis of indemnity. 

Because of the economic aspects of the 
problem of occupational deafness, it has been 
suggested that hearing loss awards be scaled 
downward. The scope of this presentation 
does not permit discussion of the present 
methods of evaluating and rating hearing 
loss, but I believe that the following illustra- 
tion (Fig. 7) comparing the statutory award 
for hearing loss with other impairments and 
conditions would be illuminating. Perhaps, 
as an otologist, I may be considered as being 
prejudiced, but only cursory examination of 
this chart should demonstrate that hearing 
impairment has been relegated to a relatively 
minor status. 

The Workmen’s Compensation Board of 
the State of New York upon the recom- 
mendation of a special committee has set up 
a series of administrative rulings, among 
which is a directive that final evaluation of 
hearing loss as a result of occupation be post- 
poned until the worker has separated himself 
from his work for a period of six months. 
This recommendation has been made also by 
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Comparison oF ScHEDULE AWARDS 


SUUCLEATION OF & BLIND EYE BQUAL TO TOTAL LOSS OF VISION 
ALLOWANCE FOR FIELD LOSS AND LOSS OF BINOCULAR VTSION 
PROVIS ON AND MAINTENANCE OF PROSETHESES 


AWARDS ARS BASED UPON LOSS OF USE AND FUNCTION AS WELL AS ANATOLI CALLY 


“ was 
LEG HAND FOOT EYE THUNB FAR is FACIAL ICURMENT 
an FINGER FINEER FINGER dues APP RON NATE — 
vPon weeny 
WAGE OF 425.00 
Figure 7. 


the special subcommittee on study of indus- 
trial hearing loss of the American Academy 
of Ophthalmology and Otolaryngology. This 
recommendation has been based upon the 
observation that following exposure to ex- 
cessive noise there may be some recovery 


when the ear is removed from the harmful 
sound. It has also been based upon a series 
of observations in some few claims for occu- 
pational deafness in upper New York State 


in which considerable variation was noted in 


the hearing evaluation. 


The practical effect 


33.1 dece 31.4 dec 29.7 dec 35.8 dec 45.4 dec 
AVERAGE LOSS 6-10 YEARS 11-19 YEARS 1-5 YEARS 20 gee plus 
403 workers 179 workers 103 workers 1l workers 110 workers 


*conversational loss approximately 80% of decibel loss 


Fig. 8.—Variation in hearing loss grouped according to years of exposure compared with 


average loss in 403 shipyard workers. 
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of such an administrative mandate is aptly 
described in this direct quotation from Noel 
Symons, an attorney with considerable inter- 
est in this problem *! 


Consequently, it seems that these recent deci- 
sions might, if adhered to, eliminate at least some 
of these difficulties for this reason. If the Board's 
present policy is followed the worker will not be 
entitled to an award as long as he is working, and 
as this fact becomes generally known I would think 
that the effect would be to discourage the filing of 
claims until such time as the men leave the noisy 
employment and can get an immediate award. 


This ruling does not carry with it a man- 
date to prohibit noisy employment, nor is 
there a projected code to regulate such em- 
ployment and provide means for the discov- 
ery and prevention of industrial hearing im- 
pairment ; therefore, the net effect could be a 
step backward in the lessening of this type of 
hearing impairment. 

The necessity of maintaining large reserves 
in established claims has been objected to by 
the carrier and employers. 

In the deafness of shipyard workers it has 
been my experience that once established the 
deafness progresses minimally and that re- 
covery from established occupational deaf- 
ness is slight if at all. The following illustra- 
tion (Fig. 8) shows the average loss in 806 
ears of 403 shipyard workers with typical 
occupational deafness, compared with the 
average loss of other groups of workers with 
varying periods of exposure. It should be 
noted that in the most numerous group, that 
between 6 and 10 years and 11 and 19 years 
of exposure, comprising 282 workers of the 
total, there is only an insignificant difference 
as when compared with each other and with 
the average loss. This observation is also of 
importance for the employer who is faced 
with the problem of hiring a man with an 
occupational hearing loss, and it will be 
touched upon later. 

There is no doubt that many ears when 
exposed to intense noise will suffer from an 
impairment which can improve when the 
noise is eliminated; however, this is not a 
constant and predictable factor and would 
be more applicable to the early period of 
employment. In my experience the wide 


variation encountered in audiograms and 
hearing tests of workers with claims for occu- 
pational deafness is due to exaggeration, 
malingering, lack of standardization of ex- 
amination methods and equipment, poor 
audiological training, and, only rarely, con- 
current respiratory infection or auditory 
fatigue. 

In order that you may be prepared to 
accept changes in the present practice of 
making routine fixed deduction for so-called 
presbyacusia, | would like to present Fig- 
ure 9. This illustration does not have the 
validity of numbers, but it graphically dem- 
onstrates the possibility that normal hearing 
may exist even in advanced years. It is quite 
true that in the man past 50 there will be a 
higher incidence of unsuspected hearing im- 
pairment, impossible to differentiate from 
occupational deafness. This deafness is the 
result of specific degenerative disease and is 
not individually predictable. We do not really 
have available at present a large series of 
pure tone audiometric determinations in per- 
sons who have been carefully examined and 
in whom occupational and other causative 
factors of deafness have been excluded. As 
stated by the special committee of the Ameri- 
can Standards Association and associates 7° 
The present presbyacusia curves are not, however, 
definite. It is possible that presbyacusia is systemi- 
cally over-estimated, since the population of these 
three studies were not selected to eliminate either 
the people who had been exposed to intense noise or 
those with otological malfunction. 


There is one additional factor, such as the 
belief that the hearing loss of presbyacusia 
is additive to that of occupational deafness. 
Yet a study of the following Table will indi- 
cate that in the 8000 and 4000 frequencies 
those most commonly involved in presby- 
acusia may sustain a very considerable loss 
much before the age of 50. So that in this 
particular phase additional research is also 
necessary. 

In concluding this portion of the presenta- 
tion, it should be borne in mind that the ad- 
ministrators of the Workmen’s Compensa- 
tion Board in this state and other groups 
concerned with this problem have clearly 
demonstrated that the measures that have 
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OCCUPATIONAL DEAFNESS 


been adopted are temporary and will be 
changed when sufficient evidence and experi- 
ence have accumulated to warrant this. 


CONSTRUCTIVE APPROACH TO PROBLEM OF 
OCCUPATIONAL DEAFNESS 


The ultimate goal of all who are concerned 
with this problem, I am certain, is the eradi- 
cation or minimization of hearing impair- 
ment due to excessive industrial noise. At- 
tainment of this goal requires the utmost co- 
operation among labor, management, Work- 


that a health problem exists and offer co- 
operation and financial support to the many 
worthy enterprises which are presently en- 
gaged in seeking further information about 
this problem. The administrators of work- 
men’s compensation laws and our legislatures 
should be receptive to methods of cushioning 
severe financial blows and also support re- 
search designed to lessen the acoustic hazard 
and facilitate the accurate evaluation of hear- 
ing loss and the proper determination of its 
cause, 


Average Intensity Losses in Occupational Deafness 


Intensity, 


From A. M. A. Arch. Otolaryng. 57:295 (March) 1953. 


Boards, and_ those 
whose activities are related to this problem. 
Labor must recognize that for many em- 
ployers up to now this problem did not exist, 
and was unsuspected by them, so that its 
remedial cost could not be added to the cost 
of their product. An adamant attitude would 
lead only to the adoption of measures based 
upon economic expediency rather than upon 
scientific accuracy. Industry must recognize 


men’s Compensation 
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ask, “What do I do 
about those men who have worked for me 
for years? Do I encourage and initiate medi- 
cal examinations which could make me liable 
unwittingly for large sums of money?” In 
the circumstances one could not condemn 


The employer may 


an employer who refused to initiate such a 
procedure unless he were to be protected 
from severe financial loss. On the other 
hand, in view of the nationwide publicity 
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and knowledge of this problem, he may find 
that such discovery may be made through 
less desirable sources. It is in this area that 
the insurance company, legislators, unionists, 
employers, and Workmen’s Compensation 
Boards can do the most to effecting measures 
which would permit evaluation of these em- 
ployees. 

The employer’s next question may well be, 
“Knowing I have a noise hazard, what type 
of worker should I hire, and what procedures 
should I initiate to protect the worker against 
further loss and myself against unwarranted 
claims for unrelated hearing impairment?” 
We must recognize that there is a vast reser- 
voir of undetected and unsuspected hearing 
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impairments of various degree and cause 
existing in the population at large. A bi- 
lateral hearing impairment of up to 40% 
and even total loss of hearing of one ear may 
exist without the person’s knowledge. Only 
a careful hearing examination, including the 
audiometric evaluation, will demonstrate this 
loss. The principle of the preemployment 
examination as a means of protecting the 
worker and the employer is well established. 
Physicians and nurses certainly can be taught 
the use of an audiometer with ease, and, if 
necessary, nonmedical personnel can utilize 
this instrument, provided that there is medi- 
cal supervision and interpretation of the re- 
sult. Insomuch as hearing impairment fol- 


HEARING EXAMINATIONS 


Right Left 
7/9/51 8/14/51 8/14/51 7/9/51 
? 10 ft. Conv. Voice 10 ft. ? 
? None Whisper None ? 
2 sec. ? 9 sec. Air Cond. 10 sec. 3 sec. 
2 sec. ? 4 sec. Bone Cond. 5 sec. 2 sec. 
Weber No lateralization 
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Fig. 10.—Exaggeration in evaluation of occupational deafness. 
From A. M. A. Arch. Otolaryng., p. 305, March, 1953. 
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OCCUPATIONAL DEAFNESS 
lows head traumas and may be affected by 
other conditions, the practice of doing an 
audiometric examination as part of the pre- 
employment physical could prove to be of 
great value. 


The worker with damaged eardrums and 
middle ear disease would appear to be a poor 
risk for noisy employment. Such workers 
can be hired, provided that a preemployment 
audiogram is taken and that periodic hearing 
rechecks do not show additional drop. 

The worker who presents himself with an 
established occupational deafness is not to be 
considered as a poor risk. If the exposure 
is not extreme, it can be considered that the 
maximum damage has been done to his ears. 
Indeed, from a purely financial viewpoint, 
the employer may be well advised to hire 
such workers, particularly if they are pro- 
tected by the preemployment audiogram, and 
thus he can receive benefit of the workers’ 
skills. 

Workers with established conductive deaf- 
ness, such as otosclerosis, etc., appear to tol- 
erate noisy employment better. And if we 
were to use the fatigue reactions as a criteria, 
we would consider them as good employment 
risks. However, the prior illustrations have 
shown that such workers may suffer addi- 
tional damage, and this should be pointed 
out to the worker for his benefit, although 
the actual monetary hazard may be slight. 

The elderly seem to show a higher degree 
of hearing loss, and they should be employed 
with caution. However, given the benefit of 
the preemployment audiogram and some su- 
pervision, I would not hesitate to utilize the 
services of a skilled worker. 

The use of the fatigue reactions in selec- 
tion of workers has not progressed to the 
point where it can be stated equivocally that 
the response to excessive pure tone dupli- 
cates all the variable factors important in a 
development of occupational deafness. The 
audiometric recheck of a new 
worker in his first years of employment 
wouid the 
susceptible worker, and if there should be 


frequent 


do more to eliminate noise- 


damage to his ears, there would be a greater 


probability of improvement when he is re- 
moved from the damaging sound. 

The regulation of hours of exposure to 
excessive noise, with provision for periods 
of recovery of the inner ear, the elimination 
of confined spaces, the use ot ear protectors, 
and the elimination of vibration in machinery 
are all other important features of a program 
designed to completely eliminate occupa- 
tional deafness. 

In the area of evaluation of established 
occupational deafness for claims purpose, the 
employer may save large sums of money by 
utilizing the services of an otologist well 
versed in advanced audiological techniques 
and with an experience in the evaluation of 
compensable injuries. Exaggeration is quite 
common (Fig. 10) and is to be considered 
for the most part as a normal response. Most 
patients can be made to cooperate, provided 
that a wide familiarity with this condition 
permits recognition of exaggeration in evalu- 
ation of occupational deafness. 

Thus, in closing, it is my feeling, without 
attempting to minimize the magnitude or the 
seriousness of this problem, that with the 
full cooperation of all concerned we can 
meet all aspects of this problem, as has been 
done with many other occupational diseases, 
so that it can be finally stated that in Ameri- 
can industry not one decibel of hearing abil- 
ity has been knowingly and needlessly sac- 
rificed. 

35-02 168th St. 
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Abstracts from Current Literature 


Epitep By Dr. CuristopHER H. Woop 


Occupational Diseases and Hazards 


DETERMINATION OF THE TOTAL WEIGHT oF SILICA, AND Its CORRELATION WITH TISSUE 


REACTION, IN THE LUNGS OF EXPERIMENTAL ANIMALS. P. C. Pratt, Am. J. Path. 

30: 1003-1011 (Sept.-Oct.) 1954. 

A method is described by which the weight of silica or other components in pulmonary tissue 
can be calculated and correlated with microscopic pathology. 

An animal experiment is reported to demonstrate the correlation between silica content and 
tissue reaction. The correlation between total silica content on a weight basis and tissue reaction 
is shown to be far better than tlie correlation between silica content on a percentage basis and 
tissue reaction. 


Reasons for this long recognized failure of silica content reported as a percentage to correlate 
with tissue reaction are pointed out. 
I FROM THE AuTHOR’S SUMMARY. 


PNEUMOCONIOSIS FROM ExpostRE To Kaouin Dust: Kaorrnosis. K. M. Lyncu and F. A. 
McIver, Am. J. Path. 30:1117-1127 (Nov.-Dec.) 1954. 


Sufficient exposure to kaolin dust, or at least some kaolin deposits, will cause in certain 
persons a chronic fibrous disease of the lungs that may be disabling and even prove to be fatal. 
The term “kaolinosis” is therefore established as signifying a definite disease state beyond merely 
the location of kaolin in the lungs. a 

FrRoM THE AuTHORS’ CONCLUSION. 


Curonic Broncuizis: A NEGLECTED Disease Entity. R. W. A. M. 
A. M. Pautt, and D. V. Pecora, Dis. Chest 26:520-527 (Nov.) 1954. 


The authors found that the majority of adult men with chronic cough do not have tumor, 
tuberculosis, bronchial asthma, bronchiectasis, or chronic pneumonitis but rather chronic bron- 
chitis. A clinical study of 18 such coughers with chronic bronchitis is presented. The only cause 
demonstrated was inhalation of cigarette smoke. All showed evidence of pulmonary emphysema, 
usually severe in long-standing cases. Chronic bronchitis was found in the 20 cases investigated, 
with autopsy evidence of pulmonary emphysema and without tuberculosis, tumor, or asthma. 
Bronchiectasis was found in two cases. Chronic bronchitis is apparently the commonest cause of 
pulmonary emphysema. Mechanisms whereby this takes place are discussed. 


Inpust. Hye. DIGcEst. 


EXPERIMENTAL STUDIES IN METAL CANCERIGENESIS: VI. TissuE REACTIONS IN RATS AND 
RaABBITs AFTER PARENTERAL INTRODUCTION OF SUSPENSIONS OF ARSENIC, BERYLLIUM, 
oR ASBEsTOS IN LANOLIN. W. C. HueEper, J. Nat. Cancer Inst. 15:113-129, 1954. 


When powdered arsenic, beryllium, or asbestos in lanolin was injected into the marrow 
cavity of the femur, pleural cavity, or paranasal sinuses of rats, there was no development of any 
significant number of cancers, either at the site of deposition or remotely, causally related to 
the chemicals introduced. Similar negative results were obtained with lanolin alone. The 
sarcoma attack rate at the site of the injection for the 250 rats used stands at 0.8%, contrasting 
sharply with that of 30% for rats injected with nickel suspensions and 20% for rats given paren- 
teral injections of uranium. Multiple pulmonary osteomas were found in four rats following a 
traumatization of the femur by the use of an electric drill. Conclusion: Under proper experi- 
mental conditions, the administration of chemicals into the connective tissues of rats is a 
reliable method for determining cancerigenic potentialities. 


Cuem. Asst. [INpust. Hyc. Dicest]. 
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DERMATITIS FOLLowinNG TopicaL APPLICATION OF ANTIHISTAMINE PREPARATIONS. R. Q. 
Crotty, U. S. Armed Forces M. J. 5:1663-1667 (Nov.) 1954. 


Allergic reactions from antihistamines are progressively increasing. These agents should be 
considered in determining causes of allergic eczematoid type of skin eruptions. The risk of 
cutaneous sensitivity from topical antihistamines outweighs their value as antipruritics, and it is 
recommended that their use |. greatly curtailed. Many other antipruritics are as effective and 


rarely produce sensitization. Three cases are described. From THE Aurnor’s SUMMARY 


DERMATOSES IN JUTE WorKERS. JOHN KINNEAR, JOHN RoGeERs, Owen A. FINN, and 
ALEXANDER Mair, Brit. J. Indust. Med. 12:36-42 (Jan.) 1955. 


This study refers to skin changes which may be associated with the manufacture of jute 
from its raw state to the finished woven article. Jute fibers are treated with mineral oil before 
processing. Oil acne was found in 29.8% of young male employees, and this incidence decreased 
to 7.3% in the oldest age group of male employees. Female employees had a lower incidence of 
oil acne in all age groups 

Ten patients from a group of 17,800 jute workers presented themselves for treatment of 
malignant skin conditions during a period of one year. A study was then made of the incidence 
of degenerative skin conditions, such as atrophy, pigmentation, keratoses, purpura, and telangiec- 
tases. Twenty per cent of clinic patients who were former jute workers showed such changes, 
while only 4.9% of patients never employed in jute processing were so affected. 

A field survey of 3000 jute workers showed male workers had an incidence of degenerative 
skin changes of 1% in the age group, 25-44 years, and this incidence increased to 9.3% at age 60. 
Women in the 25-44 age group showed an incidence of 3.2% for degenerative skin changes, which 
increased to 59.8% at age 60. 

No reliable estimate can be made from this study of the length of exposure necessary to 


) he degenerative ski 2S, : 
produce the degenerative skin changes SHERMAN S. Pinto, Denver. 


TALcosis OF UNUSUALLY RAPID DEVELOPMENT. G. P. ALrtvisatos, A. E. PontiKAkis, and 
B. Terzts, Brit. J. Indust. Med. 12:43-49 (Jan.) 1955. 


Eight cases of talcosis are described, with exposure to talc dust ranging from 16 to 24 
months in six of the cases. All the workmen were employed in talc mills where dust counts, as 
determined by the Zeiss Konimeter, ranged from 530,000 per 1000 ml. of air to “innumerable.” 


Analysis of the talc showed 70% of the dust particles were under 5u in diameter, and no free 
silicic acid was found. 


Pulmonary function studies showed that ventilatory as well as alveolar respiratory insuffici- 
ency was present. Radiological findings of scattered mottling of the lungs and “tumor-like” 
appearances were found to correlate well with the amount and length of exposure to tale dust. 
Some of the consolidation shown by x-ray is suggested as being due to actual obstruction of 
bronchioles by talc, with resultant formation of atelectatic areas and fibrosis in the tissues affected. 


SHERMAN S. Pinto, Denver. 
CHANGES IN THE LUNGS OF RABBITS AND PONIES INHALING CoAL Dust UNDERGROUND. 
A. G. Heppceston, J. Path. & Bact. 67:349-359 (April) 1954. 


This paper reports the pathological changes found in the lungs of rabbits kept underground 
in coal mines, the cages being placed in the return airway 50 yd. from the coal face. Some of 
the rabbits were exposed only during the coal getting shifts and therefore predominantly to coal 
dust, while others were kept underground throughout the whole 24 hours, exposed both to coal 
dust and to stone dust arising in the operation on the other two shifts. The total period of 
exposure varied from 6 to more than 36 months. In addition, the iungs of pit ponies were also 
studied but without any precise information as to the nature and duration of their dust exposure. 

In all the animals there were focal accumulations of dust, chiefly around the respiratory 
bronchioles and alveolar ducts. There was no fibrosis in relation to these deposits of dust, but in 
some rabbits there was a mild focal type of emphysema in relation to the dust foci. There was 
no difference between the rabbits exposed to only the coal getting shift and those exposed 
throughout the 24 hours. The author concludes that, since men exposed to the same dust as 
that to which the rabbits were exposed may develop disabling pneumoconiosis, the absence of 
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ABSTRACTS FROM CURRENT LITERATURE 


fibrogenic effect of a dust in animals does not indicate that the dust is innocuous to man, and that 
the apparent anomaly [Bull. Hyg. 29:632, 1954] can be resolved by relaxing the emphasis on 
fibrosis as the only important pulmonary reaction to dust. 


C. M. FretcnHer [Butt. Hye.]. 


SpinaAL CONDITION OF MARKET Porters. F. 


Layanr and J. Roeser, Arch. mal. profess. 
15:512-518, 1954. 


A study is presented of the spinal condition of porters whose daily work entails carrying 
heavy burdens on their shoulders or even on their heads. Porters carrying carcasses for butchers 
form the largest group; others dealt with include those carrying cases of butter and vegetables. 
Observations were made on the existence of such pains as lumbago, sciatica, or torticollis; on 
objective signs, such as scoliosis, kyphosis, lordosis, or rigidity, and on x-ray indications of 
abnormal disks or vertebrae. The men examined were divided into three groups according to 
length of work, which closely accorded with age. There were 13 in the youngest group from 
28 to 40 years of age, 7 with.an average age of 40, and 17 with an average age of 50. Tables 
indicate how the observations made showed up for each person in the three groups. X-ray 
appearances are illustrated. 


The conclusions drawn are that no spinal lesions could be found attributable to occupation; 


rather the reverse was true, as though the physiological rule held good that functional exercise 
develops the strength and activity of organs and parts. E. L. Coutss 


ARTHRITIS OF THE ELBow OF OccuPATIONAL OriGIn. M. RuUELLE, Arch. mal. profess. 15:518- 
523, 1954. 


Among 12,950 observations upon cases of rheumatic affections at a rheumatism clinic, only 
135 were concerned with arthritis of the elbow, which indicates that such affections of the elbow 
are unusual. Of these affections, 121 were in men and only 14 in women. Only 5 of the men 
were not manual workers; 53 were miners, and the common factor among all was the use of 
pneumatic tools to mine coal or to drill rocks. The number of strokes per minute from these 
tools may be 1625. This rheumatic arthritis causes little pain; it is greater during rest and dis- 
appears during work, but a knock may set up a painful episode. The bones of the joint present 
to x-ray the usual signs of arthritis, with bony thickening which may limit the movements of 
the joint. Some ossification may occur in the muscle tendons round the joint. One characteristic 
is an unusual number of isolated bony bodies—osteophytes broken from the arthritic bones. 

Undoubtedly arthritis of the elbow must be regarded as of occupational origin and so com- 
pensable, but the condition is usually so mild as not to interfere with capacity to work. Only in 
the few cases in which movement at the elbow is seriously impaired should compensation be 
awarded; for instance, when a workman is compelled to change his work for this reason. 


E. L. 


CHRONIC RHEUMATISM AMONG BELGIAN CoAL MINERS: CAPLAN’S 
MECHELEN, Arch. mal. profess. 15:525-530, 1954. 


SYNDROME. V. VAN 


The claim has been made that coal miners suffer in excess from rheumatism, but after 
examining reliable enquiries, particularly in Great Britain, and after gathering all available 
information in Belgium, the author reaches the conclusion that, although back pain associated 
with sciatica, and in particular associated with bad posture at work with bent backs, does occur 
among miners, rheumatic conditions are not more frequent among Belgian miners than among 
other workers doing heavy work. The localization of rheumatism in these miners does not differ 
from that seen in French, English, or German miners. The lumbago tends to be associated with 
disk lesions. 

A search was made for examples of Caplan’s syndrome, in which polyarthritis occurs in 
cases of pneumoconiosis. The polyarthritis affects the fingers, wrists, elbows, and other joints, 
and the lung fields show largish nodules particularly situated at the edges of the lobes. Details of 
four cases are given, but none is claimed to belong to Caplan’s syndrome. Anthracosilico- 
tuberculosis in all its modifications may surely occur in instances of polyrheumatoid arthritis by 
chance, without the nodules being described as rheumatoid nodules or constituting a syndrome, 
at any rate not among the Belgian miners. ® iy Coeur: 
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FEVERISH CONDITIONS OF SHORT DuRATION DUE TO THE CLEANING OF STEAM CONDENSERS. 
G. Juncx, Arch. Gewerbepath. u. Gewerbehyg. 13:301-312, 1954. 


Here described are the feverish conditions of short duration observed in the last few years 
among the cleaners of steam condensers in two electricity works. Similar observations have been 
recorded in Leipzig and in the United States. Technical details are given of the nature of the 
work of cleaning, the significant part of which appears to be the removal of a slime, derived 
from the cooling water, which is then deposited in the condenser tubes. The illness occurred 
in some of the workers, and the symptoms, which came on within 36 hours after completion of 
work, were headache, sweating, tiredness, shivering, nausea, and others. The body temperature 
was on an average between 38 and 39 C to 39.9 C. The duration of the fever was only a matter 
of hours. Most of the cases occurred in the months of July to October. 

A number of investigations were made to discover the nature of the agent which caused the 
illnesses. It is considered that the inhalation of particles of the organic slime containing many 
bacteria, thrown into the atmosphere by the compressed air used in the cleaning, is the cause of 
the fever. Some evidence is presented which suggests that the most important organism in this 
event is Pseudomonas pyocyanea. It is suggested that adequate chlorination of the cooling water 


would prevent these feverish attacks. M. E. Detarretp [Butt. Hyc.]. 


COMPLEMENT FIXATION AS AN ADDITIONAL D1aGNostic'AID IN NICKEL Eczema. J. WENDL- 
BERGER and E. Frouwicn, Arch. Hyg. u. Bakt. 138:430-435 (Oct.) 1954. 


The authors report on a possible enlargement of the diagnosis in cases of nickle eczema by 
means of a serological method. In this method, nickel sulfate is used as antigen in the comple- 
ment fixation test for the purpose of proving antibodies against same. Although these serological 
experiments alone are not absolutely convincing, they nevertheless represent, in conjunction with 
other clinicoexperimental methods, a valuable contribution to our serological resources. The 
serological findings are encouraging and greatly conformable to the results of clinical examina- 
tions. It is therefore suggested that the complement fixation test should always be used in per- 
tinent cases and in serial examinations of workmen employed in electroplating shops. 


Butt. Hye. 


ANIMAL EXPERIMENTS ON THE EFFECT OF AMORPHOUS COLLOIDAL AND CRYSTALLINE SILICIC 


Acip. J. R. Rutrner, W. WILty, and A. BAUMANN, Schweiz. Ztschr. allg. Path. 17:352- 
363, 1954. 


Doses of 5 mg. or more of amorphous colloidal silicic acid were toxic to mice in the peritoneal 
test. Quartz, in equal doses, was nontoxic; on prolonged administration, however, it stimulated 
the fibroblasts. The difference in biological activity appears to be due to the structural and 
physicochemical properties of quartz. The theory is rejected which holds a soluable form of 


aci iicosis, 
silicic acid responsible for silicosis Cuem. Asst. [INpust. Hyc. Dicest]. 


SILICOSIS AND CANCER OF THE LuNG: AN INVESTIGATION ON MATERIAL FROM THE SWISS 
ACCIDENT INSURANCE ORGANIZATION, 1932-1953. H. Scnocn, Ztschr. Unfallmed. u. 
Berufskrankh. 47:138-157, 1954. 


This is a report of a considerable investigation on a large number of cases. The conclusions, 
however, are negative, and the author remarks at the end, “From clinical and statistical evidence 
we have reached the conclusion that there is no etiological relationship between silicosis and 
primary carcinoma of the lung.” Burt. Hye. 


Industrial Toxicology 


CONSERVATISM IN ESTIMATING THE HaAzarpDs oF PEsTICIDAL RestpurEs. A. J. LEHMAN, 
Am. Food & Drug Officials U. S. Quart. Bull. 18:87-90, 1954. 


The author discusses several problems in the assessment of the toxicity of pesticide residues 
in foods and says in summary that it is not a “fact” that the small amounts of insecticidal residues 
man now ingests are harmless; there are no unimpeachable data that can prove this even beyond 
a reasonable doubt. Facts about acute toxicity do not apply to the argument at all. Conservatism, 
to serve as a brake for the indiscriminate use of insecticides, should govern all actions at the 
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present time. In taking a conservative attitude, there is no necessity to restrict the use of 
insecticides below limits where they would serve a useful purpose, but the attitude should be 
strictly maintained that a relaxation of controls is not justified on the basis of present scientific 


knowledge. Inpust. Hyc. Dicest. 


PARATHION PoIsonING: BRIEF Review. D. O. HAMBLIN and H. H. Gotz, Indust. Med. 24:65- 
72 (Feb.) 1955. 


The present theory is that the pharmacological activity of parathion and related compounds 
of the organic phosphate ester type is due mainly, if not only, to inhibition of the enzyme acetyl- 
cholinesterase. Absorption of parathion is thus believed to cause accumulation of acetylcholine 
in nerve fibers and ganglia and at the myoneural junctions of striated muscle and to result in 
intense nerve stimulation, especially in the parasympathetic system. Nearly all the characteristic 
phenomena are attributable to cholinesterase inhibition, and tissue damage has never been found. 

Most cases of poisoning occur among unsupervised persons handling the insecticide, chiefly 
by absorption through the skin and by inhalation of mists. Contact with sprayed crops after 
several days is not hazardous, because residues disappear rapidly. Although efforts have been 
made to keep these toxic materials out of domestic use, carelessness has frequently resulted in 
children gaining access to them and being poisoned. 

Signs and symptoms develop rapidly, and the clinical course is short, terminating in death 
or recovery within 24 hours. In acute exposures, headache, weakness, blurred vision, and 
dizziness are followed by abdominal cramps, vomiting, diarrhea, muscular twitching, and, in the 
advanced states, coma and convulsions. Constriction of the pupil is an important sign, but 
definitive diagnosis depends upon the determination of red cell cholinesterase inhibition, which 
is the only significant laboratory finding. The essental element in treatment is atropine, intra- 
venously administered in amounts much greater than normal: 2-4 mg. initially, with repeated 
dosages of 2-4 mg. at 5- to 10-minute intervals until symptomatic improvement or signs of 
atropinization. Artificial respiration with oxygen may be necessitated by respiratory depression; 
bronchial drainage, by pulmonary edema. Immediate treatment and careful observation for the 
24-hour acute period are essential; residual effects have not been conclusively demonstrated. 


Max Bart, Boston. 


ToxicoLocy oF SurFactants. L. C. BARaAtL, Soap Chem. Special. 30:51-53, 109 (June) 1954. 


The results of toxicological studies conducted on synthetic detergents have established the 
fact that, with the three main classifications of anionic, nonionic, and cationic, there are huge 
differences in the toxic values of individual products. Comprehensive toxicological investigations 
of each substance must be made. This paper gives a general account of the examination that 
should be made to determine the possible hazards in the use of any of these surface-active agents. 
The various tests and some of the results obtained are briefly described and discussed. None 
of these detergents are very highly toxic, but quite a few belong to the high and median toxicity 
groups. Some of these products have specific qualities which make them valuable to industry 
and can be used if proper precautions are taken. Very many detergents are in the low toxicity and 
nontoxic groups, and it is rarely necessary to use a hazardous product in the home or in 


industry. Inpust. Hyc. DiceEsrt. 


NiIcKEL CARBONYL: REVIEW oF LITERATURE. F. L. HAVEN; Report UR-347, U. S. Atomic 
Energy Commission, July 14, 1954. 

Nickel carbonyl has been shown to be a highly toxic substance. The symptoms and effects of 
inhalation of the compound are described, including its activity as a suspected carcinogen for 
the lungs. The mechanism of action, permissible limits for rabbits, recommended safe amounts for 
eight-hour exposure, and meager data on therapeutics and prophylaxis in rats are given. 


FroM THE AUTHOR’s SUMMARY (NUCLEAR Sc. ABST.). 


RESEARCH IN INDUSTRIAL HEALTH IN THE CHEMICAL INDUsTRY. M. W. GoLpstatt, Brit. 
J. Indust. Med. 12:1-20 (Jan.) 1955. 


This 1954 Mackenzie Industrial Health Lecture is a splendid discourse on the present-day 
philosophy of occupational health practices in the British chemical industry. First, the cancept 
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of “maximum allowable concentration” is discussed, and its limitations evaluated. A table listing 
151 chemicals is given, with a comparison of concentration and time necessary to produce 
severe immediate symptoms, symptoms after short exposure, and concentrations satisfactory for 
the general working atmosphere. Thus, a concentration of benzene at 1500 ppm is listed as 
causing severe toxic effects in 60 minutes, at 500 ppm as causing symptoms “in a short time,” 
and at 50 ppm as a satisfactory level below which men can work all day. No criteria for per- 
missible dustiness as measured by number of particles per unit of air are given. 

The usefulness and limitations of animal experimentation are discussed, and examples are 
given of some of the newer medical concepts discovered by such experimentation. Functional 
lung changes in animals after exposure to KCrQO, and lead acetate are explained and demon- 
strated. The lungs have an effective barrier to toxic dusts, but this must be aided in industry by 
supplementary engineering control of dusty processes. Animal experimentation has also helped 
in the development of a method for treating cyanide poisoning by inducing methemoglobinemia. 
The metabolic aspects of toxicity and carcinogenicity in animals are now studied using radio- 
active isotopes. Lastly, animal blood studies often provide a guide to blood changes which should 
be followed in humans. 

In the control of the health of workers exposed to a lead hazard, great dependence is placed 
on the routine determination of hemoglobin, stipple and polychromatic red cells. Recognizable 
lead poisoning can be prevented if incipient cases are removed from lead exposure, and recovery 
is quicker at home than if the person tries to work at a job where there is no lead exposure. 
The blood cell changes in the peripheral blood in lead intoxication are due to changes in the 
bone marrow. Possible mechanism for these changes are discussed. 

The organic phosphorus insecticides as a class are discussed, with particular attention given 
to the nine most commonly used. Malathion is shown to be 200 times less toxic to mammals than 
parathion. Blood cell cholinesterase levels both before and after exposure should be done, since 
each person can thus act as his own control. The variance from mean levels in populations is too 
great to draw conclusions from single observations. Recent cases have indicated that certain of 
the organic insecticides can cause chronic effects, i. e., peripheral nerve disorders by causing 
demyelination in the cord or brain. 

In the chemical industry, occupational carcinogenesis must be considered as a problem of the 
industry. A review of the important work done particularly in England on the causes of bladder 
tumors is given. Most prominent of the materials considered to be carcinogenic are beta-naphthyl- 
‘amine and benzidine. The orthohydroxyamines are under suspicion as being effective bladJer 
carcinogens. The author suggests extensive research work be undertaken, in which “all cyclic 
hydrocarbons and their homologues which in their metabolism might yield amines or derivatives 
of amines of potential carcinogenicity” are examined. 

No evidence of lung cancer following exposure to chromate dust has been found in British 
industry. 

In the chemical industry, use is being made of a technique whereby the cells in urine are 
concentrated about 1: 1500 as compared with the original volume in which they were voided. 
Studies of these cell concentrations are being made as a step in finding vesical tumors. 

“It is upon field investigation that a final judgment must rest as to the relation between 
industrial environment and state of health.” These relationships having been determined, it is 
necessary that everyone connected with industry—physician, industrial hygienist, employer, 
and worker—try to maintain conditions which will be most beneficial for all. 


SHERMAN S. Pinto, Denver. 


MANGANESE POISONING IN Moroccan Miners. J. Ropier, Brit. J. Indust. Med. 12:21-35 


(Jan.) 1955. 


This study of manganese poisoning among miners is based on 150 cases. All the miners 
worked in the dustiest parts of the mines, i. e., it the vicinity of drilling and blasting opera- 
tions. In a few instances, the disease appeared after several months’ work; more commonly, it 
appeared after one to two vears’ exposure. The first stage of the disease is characterized by 
subjective symptoms, such as asthenia and anorexia. Later impotence is noted, along with apathy 
and muscular pains particularly in the lower limbs. 

In the next stage of manganism, monotonous slow speech is found. The face assumes a 
jovial fixed expression, the “masque manganique,” and clumsiness of limb movements becomes 
noticeable. 
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As the disease becomes fully established, muscular hypertonia in extension is the dominant 
symptom and finding. When walking either forward or backward, these patients frequently fall, 
as they have difficulty making the compensatory movements which maintain balance. Spasmodic 
laughter is noted, along with indifference about the mental and physical changes. 

Established cases of manganism never regress, and most of them become worse over a period 
of years. 

Pneumonia as a complication following exposure to manganese dust has been noted for years. 
The author found such patients had leucopenia, enormously increased sedimentation rate, and 
eosinophilia in the sputum. Further studies on this aspect of manganese poisoning are con- 
templated. 

Many laboratory tests were made in studying these cases of manganese poisoning, and the 
most significant findings were the following: (1) a relative increase of lymphocytes and decrease 
in polymorphonuclear cells; (2) a diminution in excretion of 17-ketosteroids, and (3) an increase 
in basal metabolism. 

Figures are given for air dustiness in the mines in terms of both particle count and manganese 
content. In the vicinity of rock drilling in one mine, the manganese content of the air was 448 
mg. per cubic meter. (Commonly accepted M. A. C. in the United States is 6 mg. per cubic 
meter.) Particulate dust counts were correspondingly high. The author feels that freshly 
generated mine dust is more toxic than old dust and postulates that the difference may be due 
to surface physicochemical modifications. 


As a practical figure, it is suggested that the manganese content of the air should be kept 
below 100 mg. per cubic meter and that the count of dust particles less than 5# in diameter 
should be kept below 1500 per cubic centimeter of air (42,500,000 per cubic foot). 


Edathamil calcium-disodium is the best drug for treatment of manganese poisoning in its 
early stages. After neurological lesions have become established, they are irreversible. 

Medical examinations are recommended every two months for rock drillers, less frequently for 
other workers. Other prophylactic measures suggested include engineering control of dust, 
principally by means other than the use of water since water is so scarce. Respirators have not 
been found practical. Suggestions for the scope of compensation legislation are also given. 


SHERMAN S. Pinto, Denver. 


DIMETHYL SULPHATE Porsontnc. T. R. Litter and R. B. McConne t, Brit. J. Indust. Med. 
12:54-56 (Jan.) 1955. 


Two cases of dimethyl sulfate poisoning are reported, one of which was caused by the liquid 
material being spilled on the clothes, the other by presumable contamination of the clothes with 
methyl sulfate. In each case the vesicant action of methyl sulfate, both liquid and vapor, on the 
skin and mucous membranes was demonstrated. The eye changes consisted essentially of con- 
junctivitis, edema of the lids, photophobia, and lacrimation. Irritation of the upper respiratory 
tract may be severe enough to cause necrosis of areas of tracheal mucosa. Prolonged analgesia 
has been reported previously from methyl] sulfate poisoning, and it was seen in one of these cases. 

The authors feel that the use of an oxygen tent and steam inhalations are a distinct help in 
treatment, and the added use of antibiotics improves the control of respiratory tract infections. 
Recovery is complete in several months, except for scarring which may follow severe burning 


of the skin. SHERMAN S. Pinto, Denver. 


ARRESTED MENTAL DEVELOPMENT INDUCED By LEAD-PortsoninG. J. W. G. Gipp and J. F. 
MacManon, Brit. M. J. 1:320-323 (Feb. 5) 1955. 


The paper is based on the clinical history of a boy, aged 714 years, who as a result of lead 
ingestion suffered arrested mental development and is now a mentally defective person in insti- 
tutional care. 


Between the age of 3, when symptoms started, and 6% he was successively diagnosed as 
suffering from food poisoning, pertussis, encephalitis, infantile autism, and amentia. At the time 
of final diagnosis, he had 435y of lead in a 24-hour specimen of urine. 

The importance of pica in children who are not so carefully protected from lead paint or in 


industrial workers is emphasized, and the possibility that there may be many mild cases of chronic 
lead poisoning is discussed. 


663 


\ 
ae 
4 
is 
ay 
+= 
\ 
= 
x 
ull 
A | 


A. M. A. ARCHIVES OF INDUSTRIAL HEALTH 


Urinary PorPHYRIN TEst FOR LEAD ABSORPTION. M. N. Gupta and C. R. HArrHARA IYER, 
Proc. Soc. Stud. Indust. Med. (Jamshedpur, India) 6:176-192 (Dec.) 1954. 


An investigation was carried out to ascertain whether estimations of urinary porphyrin were 
not as valuable as indications of lead absorption as estimates of lead in the urine or the blood. 
Sixteen lead storage factories were visited, and 461 workers were brought under observation. 

The results of examining urine and blood for lead and urine for porphyrin in 172 cases are 
stated and portrayed in a series of graphs. Normal lead concentration in blood ranges from 
0.01 to 0.06 mg. per 100 ml. of whole blood; concentrations in excess of 0.07 mg. per 100 ml. 
indicate lead exposure; and those in excess of 0.10 mg. per 100 ml. indicate considerable 
exposure. The amount of porphyrin in the urine was found to be closely correlated with the 
amounts of lead found in either the biood or the urine. Thus positive porphyrin reactions occurred 
in some 85% of urines containing 0.10 mg. or more of lead per liter but in only some 21% of 
urines containing less than 0.10 mg. of lead per liter; positive porphyrin reactions occurred 
in 90% of persons with 0.08 mg. of lead per 100 ml. of blood or more. 

After most careful examination of all the many estimations made, the conclusion is drawn that 
porphyrin examinations might replace costly blood lead examination and urine lead examination. 
Estimation of porphyrin is comparatively simple. Increase of urinary porphyrin can be used as 
an early indication of lead absorption. The findings were also correlated with clinical observation. 


E. L. Gontss. 


FORMATION OF STOMACH ULCERS UNDER THE INFLUENCE OF CHOLINESTERASE-INHIBITING 
Potsons. R. JAcQuEs, Helvet. physiol. et pharmacol. acta 12:24-26, 1954. 


Given subcutaneously or by stomach tube to guinea pigs, rats, and cats, tetraetyl pyrophos- 
phate, hexaethyl tetraphosphate, and parathion caused excessive secretion of gastric juice and a 
marked increase in stomach contractions; in sufficient dosage these materials produced stomach 
ulcers in a few hours. Bilateral vagotomy had some retarding influence. Injection of a large 
dose of atropine with the poison diminished the hypersecretion of gastric juice. 


Cuem. Asst. [INpust. Hyc. DicEst.]. 


Rep CorPuSCLE PORPHYRIN IN THE DIAGNOSIS OF PLUMBISM AND Its MeEpico-LEGAL 


IMPORTANCE. E. VipeLa ViaAL, J. M. Batmacepa, P. ScHULER, and L. YERKOVIC, 
Rev. méd. Chile 82:39-48 (Jan.) 1954. 


An investigation is reported dealing with various blood conditions associated with lead 
poisoning in 100 persons, of whom 80 were exposed to lead in industry. The blood effects studied 
were hematocrit value, hemoglobin, mean corpuscular hemoglobin concentration, erythrocytic 
protoporphyrin, basophilia, lead in urine, plasma iron, indirect bilirubin, and reticulocytes. The 
results are tabulated. In summary, the erythrocytic porphyrin and urinary lead were increased 
in all the exposed persons but were normal in the controls; the figures in the other investiga- 
tions varied. The average increase in the 80 workers was most marked in the red cell porphyrin ; 
therefore, it is the best single test of lead poisoning, and the grade of increase would serve well 


as a legal standard for the degree of intoxication. Inpust. Hyc. Dicest 


CARBON MONOXIDE AND TRAFFIC. F. PoRTHEINE, Arch. Gewerbepath. u. Gewerbehyg. 13:253- 
261, 1954. 


This is a paper of some interest in which the author, after describing the present grave 
situation in Germany in regard to motor accidents due to the great development of mechanical 
transport, considers particularly the risks of carbon monoxide poisoning associated with internal- 
combustion engines. Reference is also made to the importance of determining the blood alcohol 
content in cases where a motor driver who has been involved in an accident claims that he had 
been overcome by carbon monoxide. 

Data from the author’s own experience and from the literature are given to set out observed 
levels of carbon monoxide in the blood of motor drivers, in the air of streets, and in exhaust gases. 
In exhaust gases from motor vehicles, the carbon monoxide content may range from about 1.0% 
to about 13%, a range which depends on the state and type of the engine and on the richness of 
the fuel mixture. 
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The risks of carbon monoxide poisoning are discussed, and reference is made to the importance 
of lessening these risks by giving adequate attention to the condition and construction of engines. 
It is also important that as far as possible heavy traffic should proceed around the periphery and 


not through crowded areas. M. E. Devarretp [Butt. Hyc.]. 


ARSENIC VALUES IN CLINICALLY MANIFEST ARSENIC PolsONING. P. SEIFERT, Deutsche med. 
Wehnschr. 79:1122-1124, 1954. 


Arsenic values up to 25 per 100 ml. in urine and up to 657 per 100 cc. in hair and nails 
(by the method of Seifert and Brossmer) are normal. Higher values are found after treatment 
with potassium arsenite (Fowler’s) solution and arsphenamine. In arsenic poisoning, the blood 
and urine values increase first, then the arsenic levels in hair, nails, and skin. 


Cuem. Asst. [INpust. Hyc. Dicest.]. 


MasstvE Hyprocyanic Acip INTOXICATION IN A BENZENE PuriFy1nG PLant. P. Movureau, 
C. Heuscuem, J. WarIN, and H. DELrée, Acta med. legal. et social. 6:257-262, 1953. 


The case is reported of a man who was found dead at his post; he was in charge of the 
process of purifying benzene obtained from coke-oven gas. The process consisted of washing the 
raw benzene in sulfuric acid and then washing it with water, after which it was passed on to 
be washed with dilute soda. The benzene was separated from the aqueous solutions by gravitation. 
It had to be directed during the process through pipes to convey it to the next stages, and the 
workman had to control this passage of the fluids. 

Death was at first ascribed to acute benzene poisoning, but a fortnight later two other work- 
men employed in the neighborhood of the benzene plant were found unconscious; they recovered. 
Further investigation followed when considerable amounts of hydrocyanic (prussic) acid were 
found in the body of the dead man, especially in the lungs. Furthermore, residues at one stage 
in the process contained sulfides and cyanides which, if subjected by mistake to sulfuric acid, 
gave off fumes of hydrocyanic acid. As the lungs were edematous with intra-alveolar hemor- 
rhages, death cannot have been sudden; the lungs contained 3.2 mg. per kilogram of hydrocyanic 
acid. The process had been carried on for 20 years without any such accident having occurred 
before. Probably the workman made a mistake in directing the course of the fluids in the pipes. 


E. L. Co tts. 


Toxicity oF Metuyt Acrytate. B. D. Karpov, Farmakol. i Toksikol. 17:49-51, 1954. 


Acute poisoning with methyl acrylate vapor affects respiration first, then nerve functions. 
Symptoms include extravasation of blood and degenerative changes of various organs. Local 
applications of liquid methyl acrylate cause dermatitis or conjunctivitis. In man, respiratory 
mucosa may be irritated when the vapor concentration reaches 0.25 mg. per liter. 


Inpust. Hyc. DiGEst. 


Determination of Air-Borne Contaminants 


EVALUATION OF THE MULTIPLE Spot DISCOLURATION TESTER. THomas D. Price and Hans 
KLEMPERER, Air Repair 4:213-217 (Feb.) 1955. 


A device for determining the efficiency of filtering equipment by the relative degree of dis- 
coloration of filter paper is described. The tester takes a gas sample from the clean side of the 
filter and four samples from the dirty side of the filter. Each of the latter is taken for a different 
length of time (10%, 20%, 30%, and 40% of the clean gas-sampling time); the relative opacity 
of each of the spots is determined by a photoelectric comparator; results are plotted, and the 
efficiency is determined graphically. Advantages in objectivity and speed and ease of sampling are 
claimed for the apparatus. Further advantages and limitations are discussed. 


H. E. Aver, Boston. 


ANALYZER-RECORDER FOR MEASURING HyDROGEN SULFIDE InN Arr. E. B. Orrutt and 
L. V. Sore, Analyt. Chem. 27:429-432 (March) 1955. 


An instrument for measuring and recording hydrogen sulfide in air in the conccutration range 
of 0 to 100 ppm has been developed for testing refinery atmospheres. The instrument is based 
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upon the use of special film with buffered lead acetate. The sample is pumped continuously 
through an exposure hood, where the hydrogen sulfide reacts with the film coating to form a 
stain. A light beam through the stained film falls on a photoelectric cell and generates an 
electric current proportional to the hydrogen sulfide concentration. This current operates a 
conventional electronic recording potentiometer. A warning alarm sounds automatically if the 


hydrogen sulfide exceeds 25 ppm. 
PI FROM THE AUTHORS’ SUMMARY. 


MICROCHEMICAL DETECTION OF FLUORIDES: SopruM FLvuosiLicate Crystat Test. N. I. 
Analyt. Chem. 27:464-466 (March) 1955. 


A modification in composition of the hanging drop solution in the sodium fluosilicate crystal = 
test for the microchemical detection of fluorides renders the test considerably more sensitive. 
A detailed procedure is given for detection in a variety of organic and inorganic substances. The 
test is applied to distinguish between inorganic fluorides and monofluoroacetic acid. 


FROM THE AUTHOR'S SUMMARY. 


DENSITOMETRIC EVALUATION OF CoAL Dust STAINS ON FILTER Paper. J. G. Dawes, Brit. J. 
Appl. Physiol. 5:221-224 (June) 1954. 


EsTIMATION OF MERCURY IN ATMOSPHERE, CORRESPONDENCE. D. Hunter, P. L. Bripstrup, 


D. G. Harvey, J. A. BonNELL, R. Drew, E. Kino, and S. Locket, Lancet 1:672 (March 
26) 1955. 


The authors state that considerable variation was found in the results of recovery experiments 
when their previous method for analyzing air for mercury was adopted. They have, therefore, 
devised an improved procedure. After trapping the mercury from the atmosphere by a solu- 
tion of potassium permanganate, instead of decolorizing the solution by adding oxalic acid solu- 
tion and warming, they recommend that the permanganate be cleared with hydrogen peroxide 
solution. 

The method is essentially an extractive titration. The permanganate solution which has 
trapped the atmospheric mercury is decolorized with hydrogen peroxide solution, and the sample 
is transferred to a separating funnel. Dithizone solution is now added in small amounts; after each 
addition the two layers are mixed by shaking. The orange-red lower layer of mercury dithizonate 
is run off, and titration is continued until a final addition of dithizone remains blue-green. 

A calibration graph must be constructed with known amounts of mercury, plotting milli- 
liters of dithizone solution against micrograms of mercury. The volume of dithizone solution 
required to titrate an unknown sample can then be equated to the mercury content. 


PortTaBLE Liguip BARRIER EQUIPMENT FOR SAMPLING AIRBORNE Dust OVER PROLONGED 
; Periops. C. B. BARKER, D. T. O'Connor, and G. E. WINDER, Research Report 93, Safety in 
Mines Research Establishment, July, 1954. 


The instrument described is in principle, and geometrically, similar to a “midget impinger.” 
- It is, however, more robustly constructed and is intended for continuous sampling of mine air over 
; an eight-hour shift in order to obtain samples for determining the composition of air-borne dust. 
The air is drawn through the instrument at 0.1 cu. ft. per minute by an aspirator operated by é 
compressed air. The liquid used in impingement must be chemically inert and nonvolatile, and for 
this purpose hexyl and benzyl alcohols are suitable. In one form the incoming air passes through 
a size selector (consult Hamilton and Walton, National Coal Board Central Research Establish- 
ment Report 139, 1952) before reaching the impinger, so that only particles smaller than a given é 
size (determined by selector design and sampling speed) reach the sampler. Tests of performance 
are described. Those in the laboratory, in which no size selector was employed, used a thermal 
precipitator as standard and showed that collecting efficiency fell rapidly for particles smaller 
i than 14. In the tests underground two instruments, one of which was equipped with a size 
ze selector, were used. The interpretation of the effect of the size selector is complicated by dis- 
aggregation in the liquid of the trap. In long-period samples, however, it was found that the 50% 
cut-off diameter of the size selector rose. This is attributed to redispersion of the particles already 


trapped, and it is shown that if the size selector is tilted and cleaned regularly the rise in cut-off 


size does not occur. Joun McK. Extison [Butt. Hya.]. 


666 


¥ 
ie 
e. 
; 
d 
4 


ABSTRACTS FROM CURRENT LITERATURE 


RESULTS OF CARBON MONOXIDE ANALYSES OF THE AIR OF Coat Mines. H. Caver, Arch. 
Gewerbepath. u. Gewerbehyg. 13:237-252, 1954. 


In studies of the effects of high temperatures of deep coal mines on workers, the similarity of 
the symptoms of headache, giddiness, and fatigue complained of by miners to those of chronic 
carbon monoxide poisoning led to the suggestion that this toxic gas might be the cause, or a 
factor, in the causation of the symptoms which had been regarded as due solely to the physical 
condition of the atmosphere. This paper gives the results of a considerable number of analyses 
of the air in different parts of the coal mine. A number of tables set out the numerical data on 
carbon monoxide concentrations. The general results were as follows: (1) CO concentrations 
in the general circulating air were insignificant (0.0002% by volume) ; (2) in fissures in the coal 
strata the CO content was much higher and in one instance was found to be 0.004 vol. %, and (3) 
the air in and above heaps of coal dust was found to contain up to 0.0008% of carbon monoxide. 
A considerable number of laboratory experiments were also made to determine the amounts of 
carbon monoxide and carbon dioxide given off by different types of coal dust in a certain time 
and at a certain temperature. The results are set out in a series of tables. In one example the 
air in the flask in which the coal dust had been kept for a period of 20 hours at a temperature of 
23 C was found to contain 0.045% of CO and 0.15% of CO:. 

It is suggested that the facts here recorded should be taken into account in assessing the 


healthfulness of conditions of work in mines. M. E. Detartetp [Butt. Hye.]. 


DETERMINATION OF THE AMOUNTS OF GASES OF INDUSTRIAL MEDICAL IMPORTANCE IN THE 
Arr BY MEANS OF A Spor Test. W. MaAssMANN, Arch. Gewerbepath. u. Gewerbehyg. 
13:262-275, 1954. 


Here described in considerable technical and scientific detail are methods for the determina- 
tion of certain gases in the air which are a potential danger to the industrial worker. The 
apparatus can be set up at the spot where analysis of the air is required. 

AsHs can be determined by drawing a known volume of washed air through a filter paper 
moistened with AgNOs. If AsHs is present, the depth of color of the:black stain which remains 
on the paper can be measured by comparison with standard calibrated stains. The range of the 
test is 0.03 to 0.60 ppm of AsHs. 

The same principle is adopted for the determination of H.S by means of ammonium molybdate 
and measurement of the yellow patch which is produced. The range of the test for H.S is 
between 10 and 50 ppm. 

For the determination of SO., the method devised by the author is to draw the air through 
a filter paper saturated with a solution of potassium chromate, when in the presence of SO: a 
brown coloration is formed. The range of this test in analyzing 1 liter of air is stated to be 


between 5 and 50 ppm. M. E. Devarrecp [Butt. Hye.]. 


{Comparable procedures were published by the British Department of Scientific and Industrial 
Research (1938-1939) in a series of excellent leaflets still obtainable through H. M. Stationery 
Office—Puitip DRINKER.| 


Ventilating, Air Conditioning and Engineering Control 


FERRO-MANGANESE GAS CLEANING INSTALLATION AT DuQguEsSNE Works. C. H. Goon, 
Air Repair 4:173-175 (Feb.) 1955. 


A unique dust-cleaning problem, original attempts at control, research toward satisfactorily 
remedying, and final treatment works are described. Installation was necessary, because ferro- 
manganese gas leaving the furnace dust-catcher contained fumes ranging from 0.1H to 1.0 in 
diameter and was not amenable to treatment with the standard basic gas-cleaning equipment. Use 
of the ferromanganese gas mixed with the “rough” basic blast gas, as a temporary abatement 
measure, caused excessive clogging of the gas mains and poor combustion. 

The 135,000 scim gas-cleaning installation began operation in July, 1953. The five precipitators, 
conditioning towers, and dust-handling equipment occupy a space 150 ft. by 150 ft. and 90 ft. 
high. Expected cleaning efficiency is 98%, or a minimum dust loading in cleaned gas of 0.15 
gm/scf. The conditioning towers first cool the gas from 700 to 350 F by complete vaporization of 
spray supplied at three points. The increased humidity also provides a smooth efficient electrical 
operation of the precipitator. Any dust accumulating at the bottom of a conditioning tower is 
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removed by a dust plow, star valve, and 6 in. ribbon conveyor. Magnetic rappers remove dust 
accumulated on the conditioning tower walls. 

The effluent gas from the conditioning tower is led downward and controlled so as to give 
uniform entrance velocity throughout the 20 sq. ft. precipitator flow area. A rectified 65,000- 
75,000 volt potential is impressed across the electrodes. The discharge electrodes are 34g in. square, 
twisted steel rods, 22 ft. long, suspended from an insulated framework. The charged dust particles 
are attracted to the collecting electrodes, which are expanded metal plates mounted parallel to 
gas flow and electrically grounded to the shell. Adhering particles are dislodged by magnetic 
rapping. 

Dust from the precipitator is light and fluffy and contains about 21% manganese, 12% alkali, 
and 2% moisture. In the presence of air, it will burn with an exothermic reaction. The dust is 
oxidized in kilns, increasing in bulk density from 12 to 30 lb. per cubic foot. It is then mixed 
with water, agglomerated, and cooled. Water is again added to give proper consistency, and the 
material is briquetted. The final product is a briquette which potentially may be processed to 
remove alkali and otherwise make material suitable for recharging in blast furnaces. Equipment 
has been constructed in duplicate; the plant has been out of operation for only 20 minutes 
in two and one-half years, and that was due to outside power failure. 


Larson, Boston. 


Dust AND FuME PROBLEMS IN THE CEMENT INDUsTRY. RICHARD O’Mara, Cart FLopIN, 
and Rosert Prass, Air Repair 4:203 (Feb.) 1955. 


Dust and fume generated in the manufacture of portland cement can be a nuisance and 
should be removed from stack gases for this reason. The collection of dust and fume from the 
rotary kiln, where “the waste gases . . . constitute the major gas-cleaning problem in the 
cement-making process,” can be accomplished largely with the Cottrell Electric Precipitator. 
Factors to be considered in the selection of collecting equipment for treatment of cement-kiln 
gases include the following: (1) raw materials; (2) whether the wet or dry process of raw 
grinding is used; (3) length of kiln; (4) type of kiln fuel (oil, gas, or pulverized coal), and (5) 
heat-recovery equipment, if any (such as waste-heat boilers). Flow diagrams are given of 
cement-kiln operation, with dust and fume collection in eight plants, illustrating variations. (An 
isometric flow chart illustrating the manufacture of portland cement, a table on “Particle Size 
Distribution of Dust and Fume in Dryer and Kiln Gases,” and a chart indicating types of 
collecting equipment generally used in various cement-manufacuring operations are also included.) 
A Cottrell Precipitator is used in all but one of the eight systems; the exception involves heat 
recovery by dispersion of dry kiln feed in the waste gases and multiple-stage cleaning, with 
collected material returned directly to the kiln. In three plants, cyclone collectors are used in 
conjunction with the Cottrell. Efficiencies of the individual precipitators range from 86% to 
99%. In one combined system (Cottrell Precipitator with cyclones), loss of material to the 
outdoor atmosphere is 0.02 gm/it’. In five instances, all or a part of the collected material is 
ordinarily returned to the system, but this is of little economic advantage in the light of the 
cost of collecting equipment. Various construction details of the precipitators are described. 

[In discussion following this article, there is elaboration upon some of the dust- and fume- 
collecting problems in cement manufacture which are hardly touched by the authors, such as 
tose relating to crushing and grinding. This contributes greatly to the subject.] 


J. K. Brascu, Boston. 


Comrort IN RELATION TO WARMTH AND VENTILATION: RESULTS OF RECENT STUDIES. 
T. Beprorp, J. Inst. Heat. & Vent. Engineers 22:85-104 (June) 1954. 


The requirements for a pleasant thermal environment are reiterated, and the comfort zones 
for light industrial tasks and sedentary work in temperate climates are discussed. The importance 
of data about subjective responses in the determination of comfort zones is emphasized, with a 
reference to the lack of such data for manual workers engaged in heavier activity. Recent research 
into comfort zones for persons in the tropics is summarized. 

The air speeds desirable for the absence of draughts or stuffiness are given, and the influence 
of variability of air movement upon feelings of freshness is discussed, reference being made to 
current research which suggests that in a calm room at 66 F an increase of the air speed from 
12 f.p.m. to 30 f.p.m. is sufficient to produce a just perceptible feeling of coolness on the face. A 
brief description is given of an ionic anemometer which is very useful for the measurement of 
low air speeds and also for the measurement of variable air speeds. 
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In dealing with radiant heat in relation to therm2! comfort, reference is made to experiments 
in which the boundary surfaces of the laboratory were maintained at a uniform temperature 
which was (a) below the air temperature, (b) equal to the air temperature, and (c) above the 
air temperature. The warm-wall condition was preferred by the majority of subjects on the 
basis of subjective impressions of freshness. Other experiments indicated that the elevation of 
mean radiant temperature at head level due to heated ceiling panels should not exceed 4 F, and 
from these results the maximum desirable dimensions of such panels have been tabulated. Current 
research indicates that for sedentary persons in rooms with the air temperature in the region of 
65 F, floor surface temperatures should not exceed 75 F. Further work is required before 
maximum floor temperatures can be specified for persons moving about, or where the air tem- 
perature is higher than 65 F. Measurements of mean radiant temperature are frequently made 
by means of a globe thermometer for simplicity, and recent experiments have confirmed that this 
method gives results which are sufficiently accurate for most practical purposes. 

The effects of gradients of air ‘emperature and of cold floors are discussed. It has been shown 
that, with shod feet, discomfort is more likely to result from cold draughts across the floor than 
from the nature of the flooring material. 

Scales of warmth are discussed, and it is stated that comparisons of the physiological reactions 
with corrected effective temperature show that the globe thermometer correction is very satis- 
factory. In spite of criticisms, effective temperature, when properly used, remains a valuable index 
of warmth. A new scale of warmth has been constructed, based upon the amount of sweat an 
average man will lose in four hours under various conditions of warmth, work, and clothing. 
Resultant temperature and operative temperature are also discussed, and the latter is compared 
with equivalent temperature. D. E. Hicktsu [Butt. Hye.]. 


INDUSTRIAL HYGIENE PROGRAM FOR A BENZENE EXTRACTION PLANT IN A PETROLEUM 
REFINERY. FRED S. VENABLE, M. Bull. (Doctors in Oil) 14:34-44 (Oct.) 1954. 


A program for the protection of the health of refinery employees against acute and chronic 
poisoning from benzene produced in petroleum refining is described. Protective measures include 
air analyses for benzene concentrations, blood and urine studies of employees, education of 
employees, and engineering control of potential exposure points. 


From THE AuTHOR’S SUMMARY. 


Dust Coat MINES AND INDustrRY. I. HARTMANN, Scient. Month. 79:97-108 
(Aug.) 1954. 


The author presents a general review of dust explosions, discussing their causes, theories, 
and factors that affect explosibility. He also reviews the work accomplished by the Bureau 
of Mines on prevention. The knowledge of dust-explosion phenomena has been considerably 
advanced in recent years, but wide gaps still exist in the understanding of the basic mechanism of 
dust particles, flame propagation, effectiveness of inhibitors, and other related problems. Funda- 


mental research in this field should be intensified. —— 


CoNTROL OF EMISSIONS FROM METAL MELTING OPERATIONS. One of Several Sections of an 


Over-All Air Pollution Manual Under Preparation by the American Foundrymen’s Society, 
Des Plaines, Ill. 


“The Control of Emissions from Metal Melting Operations” is a publication of the Air 
Pollution Committee of the American Foundrymen’s Society to provide foundrymen with reli- 
able information that will enable them to control effectively air pollution in their specific opera- 
tions. 

The publication is introduced with some of the basic concepts of air pollution, including 
definitions of the types and sizes of air pollutants. Present-day air pollution codes and control 
ordinances are described, including a tabulation of ordinance provisions for cities throughout 
the country. 

Emissions from cupolas are given primary consideration in this publication. Factors con- 
tributing to optimum cupola operation are outlined, and typical cupola emission data are presented. 
Engineering characteristics of the various types of cupola control equipment now in use are 
presented, along with their limitations. Among the methods of control illustrated are simple spray 
washers, multiple-stage wet cyclone collectors, orifice-type scrubbing equipment, dry dust col- 
lectors, glass-cloth filtering equipment, and electrostatic precipitators. 
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The special problems associated with electric-furnace emissions ave enumerated, and the 
applications of wet scrubbing, bag filtering, and electrostatic precipitation to these types of 
emissions are reviewed briefly. Similarly, the control of open-hearth-furnace and reverberatory- 
furnace emissions is considered, and mention is made of nonferrous melting operations, including 
magnesium, brass, bronze, and aluminum. 

General considerations are given to the atmospheric sampling of particulates and gases from 
the standpoint of both area sampling and specific stack sampling. 
Lee B. Fospick, Boston. 


Dust SuppREssION MEASURES ON PNEUMATIC Picks. Information Bulletin 54/117, National 
Coal Board of Great Britain, 1954. 


This bulletin discusses briefly the measures used to reduce dust in the operation of pneumatic 
picks. Wet picks have been found the most effective, and the objections on the part of workmen 
to their use can be avoided by careful supervision and maintenance. Some of the factors making 
the difference between success and failure are discussed, including water supply, hose connections, 


mechanical maintenance, operati iency sts. 
] ce, operational efficiency, and costs Vivo. 


OF Dust In RetuRN ArrRways. F. BrapsHaw and A. L. GopsBert, Report 92, 


Safety in Mines Research Establishment, Ministry of Fuel and Power, H. M. Stationery 
Office, April, 1954. 


The measurements of the deposition of dust from the air along the roads serving a coal face 
may be used for two purposes. The first is to estimate the explosion hazard to which the dust 
deposit would give rise if dispersed into the air. The second is to serve as a control method for 
keeping a check on the dustiness of the operations giving rise to the dust. 

The coal dust lying upon the floor, roof, and sides of a mine road will ensure the propaga- 
tion of an explosion traveling along the road if it is present in such amount that when dis- 
persed into the air by the explosion it will attain its lower concentration limit. If the concentra- 
tion in the air fails to reach this limit or if the coal dust is adequately diluted with inert material, 
the flame will be extended to only a limited extent and die out. If, therefore, by suitable periodical 
treatment the accumulation of coal dust lying upon the road is always kept below the amount that 
corresponds to this lower concentration limit or, if present, is adequately diluted, the road may 
be kept safe from an extensive coal-dust explosion. The frequency with which a deposit must be 
treated to ensure safety may be calculated from the rate at which the deposit accumulates and the 
concentration limits of the dust. In general, the rate of deposition declines along a road with 
increasing distance from the source of dust (e. g., the face would be the source of dust on a 
return airway), and the dust needs to be retreated less frequently. 

The use of dust-deposition measurements for routine control makes necessary a simple system 
of measurement. It is suggested that the dustiness may be checked after an initial survey by 
measuring the deposition at only one point in a return airway. The dustiness is best checked 
by plotting the measurements on a control chart on which the limits of the normal variation of 
the deposition are drawn. Results lying outside these limits may be assumed to differ significantly 
from the normal run of results, and their cause should repay investigation. 


From THE AUTHORS’ SUMMARY. 


Usk or FresH-AIR MASKS FOR PNEUMOCONIOSIS PREVENTION. A. LAMMERT, Staub 35:39-47 
(March 15) 1954. 


Satisfactory models of fresh-air masks have now been produced after 25 years of research. 
The main new feature is the omission of all valves, making use of the principle that only part of 
the fresh air is inhaled. Discomfort from cold or dry air is avoided by a double-chamber system 
by which the inhaled air is humidified by moisture from exhaled air. Electric-heater units can 
be inserted in the air supply. The lack of mobility can be overcome by various systems of spring- 
controlled overhead ducting. Two models are described and illustrated. It is said that these 
fresh-air masks are welcomed by workers in a variety of dusty occupations, including coal 
loading underground. Very often they are much cheaper than other forms of dust control, and 


they are said to give complete protection. Inpust. Hyc. DIGEst 
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Accidents and Their Prevention; Protective Equipment 


PROCEEDINGS OF THE FIFTH CONFERENCE ON CHEMICAL WorKS SAFETY. Association of 
British Chemical Manufacturers, 1954. 


This booklet gives a descriptive outline of the visits to two plants made during the con- 
ference and of the details of the safety precautions taken. The discussion following the visits is 
presented in the form of questions and answers. It covers many practical problems. 


CoRNEAL CHANGES IN STONE CuTTER’s EYES: CONTRIBUTION TO OCCUPATIONAL HYGIENE 
oF Eyes. W. Bitrner-Wosst, Klin. Monatsbl. Augenh. 125:572, 1954. 


Biittner-Wobst describes the results of studies made on the eyes of 15 stone cutters, 9 of 
whom had been in this occupation for over 10 years. They had come to the clinic not on account 
of their eyes but because of other disorders. One patient (two eyes) had myopia and beginning 
cataract, and another patient had amblyopia (because of aphakia in one eye) following operation 
for a perforating injury. The other 13 stone cutters had normal vision. Only the patient with 
aphakia always wore protective goggles with side shields; five others wore protective glasses 
without side shields; and the others wore no protective devices. Practically all the work was 
done outdoors, so that dust did not constitute a great problem. Roentgenologic examination of 
the lungs failed to reveal fibrosis in any of the patients. 

The sensitivity of the cornea was tested with Frey’s hairs, and it was found that this sensi- 
tivity was normal in 8 eyes, somewhat reduced in 13 eyes, and greatly reduced in the remaining 
9 eyes. Efforts were made to establish a possible connection between the reduction in corneal 
sensitivity and the presence of healed-in foreign bodies (stone particles). 

The cornea of six eyes was free from embedded foreign bodies or corneal scars. Most of 
the embedded bodies glistened, and most of them were surrounded by small areas of bluish 
turbidity. The stone particles were just visible with the ordinary (16-fold) magnification of 
the slit-lamp; that is, they must have measured between 50“ and 1504. The granules seemed 
to be surrounded by a connective tissue membrane. They were usually in the subepithelial layer, 
partly within Bowman’s membrane and partly below it. Some of the foreign bodies were sur- 
rounded by a corona of bluish-white turbidity. Wimple-like streamers of turbidity radiated 
from others of the embedded foreign bodies. The author assumes that the wimple-like areas of 
turbidity are probably caused by silicon particles, and the coronal areas presumably enclose 
limestone particles. 

There was no evidence that the visual acuity was impaired by the small areas of turbidity, 
and so the author believes that they cannot be regarded as an occupational disease, the less so 
since they do not impair the working capacity and cause no subjective complaints. 


Legal Medicine 


Mopet WorKMEN’s CoMPENSATION Act. A. LARSON, Presented at Sixth Annual Conference 
of Southern Association of Workmen’s Compensation Administrators, Orlando, Fla., and 
published by U. S. Department of Labor, Oct. 28, 1954. 


The author reports progress on a plan for drafting a model Workmen’s Compensation Act 
as a guide for the states. The freedom of the states to develop their own laws has resulted in 
extensive variations in the acts. The author selects 22 provisions in the compensation laws of 
various states as examples that could well be followed by all the others. The objective of the 
flan is not primarily uniformity but rather improvement of the laws. It can be assumed that an 
ideal act must be, above all, complete. This completeness must appear in the following ways: (1) 
coverage of employers and employees; (2) compulsory coverage; (3) coverage of kinds of 
injury; (4) coverage of out-of-state injuries; (5) provision of medical care; (6) duration of 
benefits for the period of disability, and (7) principle of liability without fault. Beyond these 
fundamentals of a complete system, there will be many controversial points. The Department 
will utilize the many studies that have been made. Its role will be that of a catalyst or clearing- 
house to help the states give each other the cream of their experience, handiwork, and thought. 


Inpust. DiGEst. 
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PROBLEMS AND PRACTICAL DIFFICULTIES MET WITH IN GIVING COMPENSATION FOR SILICOSIS. 
H. DesorLte, M. GAuttier, and A. HApENGUE, Arch. mal. profess. 15:486-492, 1954. 


In France a number of decrees govern the application of compensation to silicosis; the law 
of Oct. 30, 1946, was modified in its application by a decree of Nov. 17, 1947, which in its turn 
was altered by a decree of Oct. 18, 1952, and by another of Nov. 23, 1953. The results from 
applying the texts of these ordinances are far from being always satisfactory. The first difficulty 
is in fixing exactly when the illness started; for this a local physician may have to be the 
deciding authority, although he may have no expert knowledge and may have no information ,as 
to the legal position. The patient may have changed his work and be no longer exposed to the 
silica hazard. Much time often elapses before the appointed medical expert on pneumoconioses 
is called upon to decide upon the case. No certainty exists that the dossier of the case will contain 
all the requisite information concerning clinical state, radiology, sputum examination, and 
functional capacity or disability. Further, the expert on pneumoconioses may not have at his 
disposal the requisite apparatus needed for clinical appraisal, x-ray photographing, and determina- 
tion of functional capacity. Meanwhile, the patient, undergoing numerous examinations of which 
he understands nothing, becomes silicosis conscious, and his thoughts turn to compensation. 
Finally, definite suggestions are made for putting into order the procedures governing the com- 
pensation for silicosis. They should include study centers for the pneumoconioses experts and a 
central mission in Paris where dossiers on silicosis should be kept under the supervision of an 
acknowledged expert. Particular attention is directed to the decree which insists upon the hold- 
ing of autopsies to confirm the findings made during life. E. L. Cours. 


PROBLEMS PRESENTED BY GIVING COMPENSATION FOR SILICOSIS IN ALGERIA. P. MICHAUX, 
Arch. mal. profess. 15:492-494, 1954. 


Although there are no official records of silicosis occurring in Algeria, the occupational 
hazard exists and will increase as industry goes on expanding. More and more pneumatic drills 
are coming into use in mining, in making barrages for reservoirs and hydroelectric plants, and 
in similar processes which generate dangerous dust. The legislation which deals with silicosis in 
France, complex though it is and difficult to apply, does not apply in Algeria. Moreover, there 
are no accepted experts on industrial pneumoconioses to whom difficult cases can be referred. 
The patient goes to his physician with dyspnea and cough, and then, if shadows are seen on 
x-ray, a diagnosis of tuberculosis is made. Later, the authority for making sick allowances may 
come to hear of the illness having an occupational origin. Payment is then suspended until the 
question of who must pay has been decided. The compensation is governed by the provisions of 
accident insurance, and the disease has to be declared an industrial accident. A chemical and a 
geological expert may be called in to decide the nature of rocks drilled. Prevention is frequently 
determined by the outgoing cost of compensation. There is great need for adjusting compensation 
for silicosis in Algeria. Coutts. 


Radioactive Substances and X-Ray 


Does IRRADIATION INDUCE RaDIOACTIvITy IN Foop? W. W. MEINKE, Nucleonics 12:37-39 
(Oct.) 1954. 


Negative results obtained with irradiated samples of 24 elements that occur in food indicate 
that induced radioactivity is no problem in food sterilization. Radiation was provided by a kilo- 
curie Co®° source, and a precise scintillation counter was used for measurements. Extension of 
the work to include irradiation with higher-energy fission products is suggested to insure 
absolute safety. 


Inpust. Hyc. DiceEst. 


AvuToMATIC ExposuRE CONTROLLER FOR ROENTGENOGRAPHIC EXAMINATION. WILLIAM E. 
No an, GeorGe F. ScHRADER, and Gorpon M. Fitzceratp, Report UCRL-2774, Radia- 
tion Laboratory, University of California, Nov. 4, 1954. 


Ap automatic timing device capable of automatically controlling the density of roentgeno- 
graphic exposures is described. The instrument has been used only in the field of oral roent- 
genography ; however, its principle has many applications in the field of medical as well as 
industrial and oral roentgenography. 
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PRODUCTION LOSS HALTED BY OCCUPATIONAL HEALTH “DETECTIVE” 


An engineer of the Tennessee Department 
of Public Health was called recently by the 
president of a Tennessee printing concern. 
The company president was considerably 
disturbed because a number of his employees 
had experienced headaches and nausea on 
the job. 

Some employees became very ill and were 
forced to leave work. The ill employees 
would recover quickly, but upon their return 
to work their symptoms would reappear. 

Twelve persons of a total employment 
of thirty-four were affected. The number of 
cases gradually increased until for two nights 
in a row the entire night shift had been forced 
to quit work. Production had been reduced 
by 60%. 

The official said that several theories as 
to the possible source of the illness had been 
actively investigated. Food poisoning had 
been suspected, since one or two of the 
cases had been diagnosed as such by attend- 
ing physicians. However, food sources of the 
persons becoming ill were varied; some of 
the employees brought their lunches, while 
others ate in different nearby commercial 
restaurants. 

City water was utilized for drinking, and 
there was no other supply on the premises. 
Some of the cases had been diagnosed as 
virus infections; however, the regularity 
with which the illness developed when the 
workers returned to the plant and subsided 
when they left was indicative that the place 
of employment had a causal connection with 
the illness. 

The possibility of a psychological factor 
was considered, but it did not seem reason- 
[33] 


able to assume that all cases were of mental 
origin. 

It was suggested by the state engineer 
that carbon monoxide might be producing 
the symptoms observed. The company presi- 
dent said that this had been suspected, and 
arrangements were made for the state 
engineer to visit the plant immediately and 
test its butane gas heating system. 

The production facilities of this firm were 
situated in a large new building of masonry 
construction. The building was windowless, 
as it was planned to install air conditioning 
before the summer season. Two other build- 
ings of similar construction but with different 
heating systems housed office and ware- 
house operations. There was no mechanical 
ventilation, and open doors were the only 
means of natural ventilation. 

A series of tests for carbon monoxide were 
made throughout the plant, and no con- 
centration of carbon monoxide above 10 ppm 
was found. This is considerably below the 
concentration of carbon monoxide that is 
likely to produce symptoms of illness. 

The history of the problem was reviewed. 
The president explained to the state engineer 
that one of the reasons for constructing the 
new buildings was to provide a more com- 
fortable and pleasant working environment 
for employees. Apparently the opposite had 
occurred in the case of the building in ques- 
tion. The president was asked about materials 
used in construction. None of those that 
were used could have caused illness. No 
new types of materials or operations had 
been introduced into the plant since the move 
to the new building. 
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, There had been no evidence of such ill- 

ness before the move to the new building. 
Both ‘the engineer and the president of the 
company believed firmly that the new build- 
ing had. something to do with the wave of 
illness among the employees. 

Since most of the recent cases of sickness 
had occurred on the night shift, arrangements 
were made for the engineer to return for 
further sampling when the night shift was 
at work. 


Night tests of air in the plant were made, 
to determine concentrations of both carbon 
monoxide and butane. No significant con- 
centrations of either gas were found any- 
where in the building. 

Prior to the start of the night air sampling, 
one employee went home ill. While the test- 
ing was going on, two more employees be- 
came very ill and had to stop working. The 
state engineer felt no ill effects. 

When the night tests turned out to be 
negative, the engineer began a detailed sur- 
vey of the premises, aided by the night 
foreman. The engineer asked to see every 
material on the premises and sought a care- 
ful explanation of every operation. 

It was during this search that a drum 
was found marked: CAUTION: THIS 
MATERIAL CONTAINS VOLATILE 
ORGANIC SOLVENTS. A sample of the 
material was obtained for analysis. A letter 
was written to the manufacturer of the ma- 
terial requesting him to furnish a list of 
ingredients. 

It was recommended to the company 
president that the use of the material in the 
drum be suspended immediately pending a 
report on the type of volatile material it 
contained. Although the company stopped 
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using the material, the president told the 
engineer that the printing company had been 
using that type of solvent for three years 
and never had experienced any trouble with 
it. The engineer pointed out that prior to 
moving to the new building the printing firm 
had been situated in an old frame structure 
which had many windows and considerable 
natural ventilation. 

He explained that a toxic solvent might 
remain well below maximum allowable con- 
centration under conditions which existed 
in the old building, whereas the same solvent 
and the same methods might be hazardous 
in the more confined new building. 

The laboratory analysis and the report 
of the manufacturer showed that the volatile 
organic solvent was 29% carbon tetra- 
chloride, which can cause headaches, nausea, 
and stomach disorders when concentration 
rises above 25 ppm. The gas is heavy, and 
apparently the natural ventilation in the new 
building was insufficient to disperse it. 

Since the “guilty” drum was removed 
prior to tests of its contents, there was no 
opportunity to learn the levels of CC, to 
which the workers had been exposed. But 
after removal of the drum, there was no 
more illness in the plant. 


According to the Tennessee investigator, 
the case brings out two important factors 
in occupational hygiene: 

1. Company officials should be aware of 
the contents of potentially toxic materials 
used in their plants. 


2. Officials and industrial hygienists should 
be aware that a substance which is suffi- 
ciently diluted to be nonhazardous under 
one set of circumstances may become a 


hazard when circumstances are changed. 
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ORGANIC, BERYLLIUM AND VANADIUM DUSTS 


A Review 


For many years, major research emphasis 
on dust-caused occupational illness has cen- 
tered on a relatively few substances, silica 
in its various forms, talc, asbestos, and more 
recently coal. 

With the tremendous growth of the plas- 
tics industry, the increasing use of a host of 
new organic substances and the expanded 
production of both beryllium and vanadium, 
there have been new occupational disease 
research studies initiated. The literature in 
these fields is growing. 

Organic Dust.—The capacity of organic 
dust to produce lung changes has been docu- 
mented in several reports. p-Dichlorobenzene 
was reported to have produced pulmonary 
granulomatosis in a middle-aged woman." 
Examination of excised lung tissue by po- 
larized light revealed crystals believed to be 
p-DCB. For 12 to 15 years, the woman 
had been using p-DCB freely on upholstery, 
on carpets, and in clothes-cupboards as an 
insecticide. Caution has been voiced on the 
inhalation of resin dust by Child and 
Clancy *; during grinding and powdering of 
the synthetic resin, dryness of the mouth and 
nasal mucosa, coughing and sneezing, and 
other signs of respiratory irritation were 
in evidence. Experiments in animals pro- 
duced wheezing, rales, blocking of major 
bronchi with distended resin granules, saliva- 
tion, and atelectasis, the most prominent 
effects being caused from the loosely cross- 
linked resins. Dust and powder of Teflon 
(tetrafluoroethylene polymer) have been 
known for several years to produce a respira- 
tory condition akin to metal-fume fever.* 
More recent investigation of the inhalation 
hazards of heated Teflon * showed the evolu- 
tion of highly toxic fluorine-containing de- 
composition products. ‘Printers’ asthma” 
has been reported from England® to arise 
from inhaling a sprayed fluid containing 
acacia. Although considerable study has been 
given to cotton dust in relation to byssinosis,® 
it is not yet clear which of the two struc- 
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turally related components of cotton dust 
and associated mold are responsible for the 
“early” and “late” reactions. In bagassosis, 
the endotoxin of Aerobacter cloacae had been 
proposed as a factor in its etiology.’ Pul- 
monary disability from the inhalation of 
grain dust marked by dyspnea, chronic bron- 
chitis, and recurrent bronchial obstruction, 
leading to clinically apparent emphysema, 
was reported to occur among workers with 
seeds and grains after 10 or more years.> 

This brief review of lung diseases from 
inhaled particulates makes it difficult to es- 
cape the conclusion that all dusts, irrespec- 
tive of their nature, if breathed in suff- 
cient quantity and for sufficient time, may 
cause profound damage to the lung and 
points up the desirability on the part of the 
physician of obtaining an accurate and thor- 
ough occupational history of persons sus- 
pected of pulmonary disease. 

Beryllium—A number of cases of both 
acute and chronic beryllium poisoning con- 
tinue to appear, despite the fact that one of 
the major sources of exposure, beryllium 
phosphor in fluorescent lights, has been 
eliminated. An extremely low air standard 
of 2ug Be/m.* for continued daily exposure, 
and no higher than 25ug for brief exposures, 
has long been suggested by the Atomic En- 
ergy Commission, one of the greatest users 
of beryllium. 

To our knowledge, no cases have ap- 
peared to date from the rigid use of these 
standards which have often been designed 
into production plants. Because of the pecu- 
liarly long latent period for the onset of 
beryllium disease, only time can tell whether 
the recommended figure for chronic expo- 
sure is a reliable one. The cases that arise 
are partly from exposures long past, but also 
partly from beryllium put into new uses, 
such as glass, glazes, and alloys and from 
beryllium production. Partly on the basis of 
the recent case incidence, Van Ordstrand,° 
who was one of those who originally called 
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attention to beryllium disease in the United 
States, has written of berylliosis as a real 
but preventable disease. 

Diagnosis continues to be a difficult and 
controversial matter, however. Lieben and 
Jackson '° reported thai at least one case of 
their six, formerly diagnosed as berylliosis, 
was silicosis. Three new cases, two posi- 
tively identified, one doubtful, have appeared 
in their factory since their earlier report in 
1948. Some recent cases of beryllium poison- 
ing have been suspected, but none conclu- 
sively demonstrated, according to Shilen and 
co-workers ** in a study of beryllium extrac- 
tion, reduction, and alloy fabrication covering 
a period of 10 years; beryllium concentration 
in the plant air through the years has ranged 
from a few micrograms to 600ug/m‘*. 

A summary survey of all clinical types of 
berylliosis observed in a 12-year period has 
been given by DeNardi and colleagues **; 
a total of 431 patients were observed and 
treated for acute beryllium intoxication. 
Curtis '* states that dermatitis due to beryl- 
lium is of an allergic-eczematous type, with 
the beryllium ion believed to be the sensi- 
tizing allergen. 

The patch test has been used with success 
in a limited number of cases as a diagnostic 
test of beryllium granuloma of the lung. A 
positive test was always found with true 
beryllium involvement ; negative results were 
obtained in Boeck’s sarcoid and in normal 
beryllium workers. A registry to collect and 
correlate data on cases with beryllium poi- 
soning is being accumulated by Dr. Harriet 
Hardy at the Massachusetts General Hospi- 
tal, Boston. Work is continuing by Schubert 
and co-workers ** on the mechanism of pro- 
tection of aurin tricarboxylic acid in beryl- 
lium poisoning. 

Corticotropin (ACTH) treatment has 
provided no lasting beneficial effects, but 
Hardy * believes that either corticotropin 
or cortisone is of real value in controlling 
symptoms but not in curing the disease. 


Vanadium.—The study of vanadium com- 
pounds in relation to respiratory disease 
has been given serious attention since 1952 
for two reasons: First, the mining and mill- 
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ing of unprecedented quantities of carnotite 
ore (KeO.U203.V205.H2O) in this country 
in connection with securing uranium for 
atomic energy purposes has increased the 
number of exposed persons and, second, the 
finding of respiratory illness among workers 
producing vanadium compounds for high- 
grade steel and other purposes by Sjoberg ** 
and by Roschin,’* as well as among workers 
cleaning boilers fired with vanadium-bearing 
oils by Williams,’* by Sjoberg,’® and by 
Fallentine and Frost,?° and from gas tur- 
bines, by Browne.*? Sjoberg has written a 
monograph ** in English on the health haz- 
ards in the production of vanadium pent- 
oxide. 

The responses to air-borne vanadium dust 
are slight irritation of the conjunctivae ; 
slight or copious rhinitis, with acute or 
chronic hyperplastic changes in the nasal 
mucosa; dryness or irritation of the throat, 
with chronic atrophic, and sometimes also 
acute, changes; hoarseness; only mild acute 
changes in the mucous membrane of the 
larynx, and a cough as the most outstanding 
symptom, often with many rhonchi, although 
bronchoscopic examination shows only mild 
bronchitis. 


Pneumonia has been diagnosed in several 
cases and is considered to be of chemical- 
bacterial origin (“‘vanadium pneumonitis” ). 
The responses are thus acute, not chronic, 
temporarily incapacitating, but not fatal. 
Dermatitis is not a common feature of vana- 
dium exposure. 


Experimental research on the systemic 
effects of vanadium compounds carried out 
in laboratories of the Occupational Health 
Program, U. S. Public Health Service, has 
shown that vanadium is capable of inducing 
at extremely low tissue concentrations 
(lpg/gm. of tissue) derangements of basic 
metabolic processes which are not manifest 
clinically or felt by the worker. This research 
has led to a highly sensitive test of pretoxi- 
cosis and to conclusions of practical value in 
the matiagement of the health of vanadium 
workers. The critical feature of the pre- 
toxicosis test is that the cystine content of 
the fingernails is depressed following chronic 
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low-grade exposure to vanadium.** Amounts 
of urinary vanadium resulting from expo- 
sure may amount to no more than 20 to 30yg 
per liter when cystine depression occurs, 
according to a sensitive analytic method 
developed in these laboratories and reported 
by Talvitie and Wagner.** 

Another important observation was that 
diet plays a deciding role in the toxic re- 
sponse. Complete well-fortified diets have 
been shown experimentally to counteract the 
potentially toxic effects of vanadium, whereas 
borderline diets failed to do so, suggesting 
the value of nutritious and well-balanced 
diets for vanadium workers. The basic cause 
of the dietary differences has not yet been 
determined ; metal antagonism, vitamins, or 
other factors may be responsible. 

Certain vitamins exert a beneficial effect, 
for it has been shown *® that ascorbic acid 
can counteract the effect of lethal doses of 
vanadium compounds in animals, if admin- 
istered in small repeated doses within a short 
period after the fatal vanadium dose. At non- 
toxic levels, vanadium has been shown capa- 
ble of reducing elevated plasma cholesterol 
in. rabbits fed high cholesterol diets.** Re- 
duction in arterial plaque formation was as- 
sociated with this response. The significance 
of the role of vanadium in atherosclerosis 
requires further elaboration. 

As vanadium is merely one of a number 
of substances to which man is continually 
being exposed through contaminated air, 
water, and food, possibly the most interesting 
aspect of this entire research is the possibility 
that trivial amounts of other materials may 
also be found to cause deep-seated metabolic 
alterations. 


Hersert E. STtoKINGER, Ph.D., Chief, 
Toxicological Serv‘ces, 

Occupational Health Field Headquarters, 
U.S. Public Health Service. 
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CONTROL OF CARBON MONOXIDE FROM HIGH HORSEPOWER 


PASSENGER CAR ENGINES 


In 1946 the Detroit Bureau of Industrial 
Hygiene formulated recommendations for 
the control of exhaust gases from passenger 
vehicles by local ventilation ' during service 
operations which required the running of 
the motor. The recommended ventilation 
system was composed of a flexible duct which 
slipped over the exhaust duct of the car. 
The duct was connected to a centrifugal fan 
with sufficient capacity to exhaust the quan- 
tity of air necessary to remove and control 
the exhaust gases. An exhaust volume of 
100 cfm per exhaust pipe was found adequate 
for a passenger car during ordinary servic- 
ing operations. 

In 1946, manufacturers rated horsepowers 
for three small popular cars and three top- 
priced cars were * 


Small Car A 100 hp 
B 9 hp 
C 95 hp 
Large Car D 150 hp 
E 120 hp 
F 135 hp 


The 1955 horsepowers for the equivalent 
passenger cars are *® 


Small Car A 162 hp 
B 162 hp 
C 167 hp 
Large Car D 250 hp 
E 225 hp 
F 250 hp 


It is obvious that there has been a con- 
siderable increase in horsepower. The ques- 
tion is: Are the airflows recommended for 
1946 cars adequate for the control of 1955 
cars? 

It is obvious that the quantity of air to 
be exhausted must be equal to or. greater 
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than the quantity of exhaust gases put out 
by the car. Data on volume of exhaust gases 
are difficult to obtain. (This information 
is not normally required in automotive re- 
search.) The following data were obtained 
for a popular-priced car: 


Cfm—Exhaust Gases 


Miles per Hour Road Load 
20 14 
40 34 
60 75 
70 105 


Actual tests made in garages in 1946-1950, 
indicated that the 100 cfm car connection 
was adequate, since motor speeds equivalent 
to 70 mph and over are seldom necessary 
for motor tuning, unless the car is on a 
dynamometer. 


Equivalent data from a high horsepower 
1955 passenger car are* 


Cfm—Exhaust Gases 


Miles per Hour Road Load 
20 54 
40 92 
50 120 
60 135 
70 150 


From the above data it appears that the 
control airflow of 100 cfm may not be ade- 
quate. 

The following airflows were therefore 
recommended : 

Passenger cars up to 200 hp—100 cfm 
Passenger cars over 200 hp—200 cfm 

The 200 cfm is probably in excess of 
volume of air required for most motor tuning 
with the exception of dynamometer testing. 
It is anticipated, however, that the horse- 
powers of passenger cars will continue to 
rise. The higher figure will therefore antici- 
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pate the ventilation rate necessary for some 
years to come. 


It is important to note that where full 
load dynamometer testing is done a much 
greater exhaust rate is required. The follow- 
ing actual test data from a small car con- 
firms this. 

Cfim—Exhaust Gases Cfm—Exhaust Gases 
Mph Road Load Full Load 
20 51 
40 97 
60 : 135 
70 143 


On a tailpipe exhaust system for use on 
a passenger dynamometer test stand the 


exhaust airflows should be approximately 
doubled to obtain good control. 


M. HAMMA 
Bureau of Industrial Hygiene 
Detroit Health Department 
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CONFERENCE SUMMARY 
Second Pacific Northwest Industrial Health Conference Sept. 12 and 13, 1955, Portland, Ore. 


Approximately 
management 


300 persons, including 
representatives, physicians, 
nurses, safety directors, insurance represen- 
tatives, engineers, health agency personnel, 
and union leaders, attended the Second 
Pacific Northwest Industrial Health Con- 
ference, sponsored by the Portland, Ore., 
Chamber of Commerce. 

The purpose of the Conference, as stated 
by Robert Boaz, President, Personnel De- 
velopment Service, Seattle, was to discuss 
the question: “How can management, labor, 
the medical professions and other agencies 
work together to provide a practical solution 
to the problem of securing a healthy work 
force?” 

Charles M. McGill, M.D., of the American 
Smelting and Refining Company in Tacoma, 
Wash., struck a further keynote when he 
stated that “industrial medicine is preven- 
tive medicine at the industrial level; this 
program is aimed at the maintenance of 
worker health.” 


One of the common threads running 
through conference discussions was: Since 
the great majority of plants are small and 
scattered throughout the community, all 
physicians should take some interest in 
industrial health. Every physician who agrees 
to serve a plant as medical consultant has 
the responsibility of acquainting himself with 
specific plant processes, problems and per- 
sonnel. Also, plant management, when con- 
templating a plant health program, has a 
responsibility for including the physician in 
making the plans and decisions. 

Another matter receiving emphasis at the 
Conference was the premise stated in the 
title of one of the symposiums: “The Cardiac 
Can Work.” The Conference was fortunate, 
indeed, in securing as one of the speakers 
on this subject, Paul Dudley White, M.D., 
Boston cardiologist who has recently gained 
new nation-wide prominence as the consul- 
tant in President Eisenhower’s illness. Dr. 
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White expressed the theme of his discussion 
in slightly different terms, saying, “the 
cardiac, with relatively rare exceptions, not 
only can but should work.” 

Only those persons with the severest 
kind of cardiac disability should not work 
during convalescence, but these are in the 
minority. The cardiac is helped by work in 
body, mind, and soul. A certain amount of 
exercise, especially of the leg muscles, is 
good for the cardiac. It must be widely 
recognized, Dr. White said, that more car- 
diacs have attacks away from work than at 
work. 

H. W. Bissell, Personnel Director of 
Lockheed Aircraft Company, said that his 
company’s policy of selectively placing the 
handicapped, including cardiacs, actually 
saves money in the hiring process. Also, he 
said, the company has experienced no in- 
crease in compensation costs or mortality 
rate as a result of this policy. 

J. Folger Allen, of Liberty Mutual Insur- 
ance Company, brought out that a health 
maintenance program in industry helps the 
“cardiac half-man’’ become a whole man. 
Preventive medicine shows 
cardiac can work. 


the way the 

A further subject for consideration at 
the conference was the need for more re- 
search and experience in the field of indus- 
trial dental care. Harold Noyes, D.D.S., 
M.D., Dean, University of Oregon Dental 
School, said that industry should consider 
seriously the possibility of including dental 
programs as part of health services, and in 


“ doing so, seek the advice of professional 


organizations. 


Sam Purdy, Safety Supervisor at the 
Portland Gas & Coke Company, pointed 
out the relationship between health and 
safety when he said the industrial physician 
and nurse can assist the safety engineer by 
keeping the worker healthy and alert. 
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The nurse, emphasized Miss Ellen Brown, 
R.N., of Consolidated Freightways, Portland, 
is a professionally trained individual. Let 
her perform as she is trained rather than 
as a “first aider.” 


The subject of health insurance was out- 
lined by Victor J. Follen, of Marsh-McLen- 
nan, Inc., Portland. All health insurance 
coverage, he pointed out, has limitations. 
Complete coverage, however, would not be a 
desirable objective. He said also that there 
would be less tendency to apply to work- 
men’s compensation commissions for un- 
founded claims if there were adequate group 
health insurance coverage. 

H. G. Hornibrook, General Manager of 
Sutherland Paper Company’s Santa Clara 
plant, said that at his plant an industrial 
health program has paid off. The savings on 
their compensation rate alone amounted to 
$2660, enough to pay for the plant health 
program. In addition, he said, his Company 
has had less labor turnover and equipment 
damage; maintenance costs have been re- 
duced, and they have gone four years now 
without a lost-time accident. 

Industry presented challenges to the medi- 
cal profession in a talk by Hardy Kemp, 
M.D., of Baylor College of Medicine, in 
Houston. Among the challenges: Industry 
wants these answers from the plant medical 
examiners, “What’s this man’s attitude? Are 
his physical abilities and limitations com- 
patible with the demands of the job? Can 
he do the job without being a hazard to 
himself and his fellow workers? Is he an 
undue compensation risk? Is he going to 
be an absentee problem? Does he offer 
sufficient promise of working through a 
reasonable working-lifetime ?”” Another chal- 
lenge by industry is to find in physicians 
“a sense of dedication.” Administrators and 
workers alike need the confidence that comes 
from putting themselves in dedicated hands. 
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Over and over again the note was sounded 
on the importance of working together. Ac- 
cording to Bill Way, President of the Port- 
land Central Labor Council, industry and 
labor are on a joint venture to keep workers 
on the job and productive. An industrial 
health program, he said, is therefore a joint 
venture. 

William Shepard, M.D., Chairman of the 
Council on Industrial Health of the American 
Medical Association, emphasized the unity 
between modern industry and the community 
in which it is situated. 

“A successful industrial health program,” 
he said, “depends upon sound community 
services. A plant health program can serve 
as a bridge between industry and the health 
and welfare services of any community.” 

To further the unity of health programs, 
local physicians should be invited to visit 
familiarize themselves 
with occupational hazards and the growing 
field of occupational preventive medicine, 
said Dr. Shepard. 

The A. M. A. physician envisioned the 
responsibilities of an industrial health team 
as protecting employer and employee, alike ; 
bringing to industry all known advances in 
preventive medicine; providing economy and 


industrial firms, to 


efficiency for the employer and protection 
of health and productivity for the worker. 

“Monetary profits,” he concluded, “may 
be considered a fortunate byproduct of a 
health program,” adding that the record 
shows that very few industries that have 
adopted health programs have discontinued 
them. 

In summarizing the work of the Confer- 
ence, Mr. 
of * 


3oaz pointed out that a number 
‘significant” ideas were placed before the 
conferees but that no final solutions had 
been developed. 

“Next year, perhaps,” he said, “there 
should be a smaller number of ideas and a 
more thorough discussion of each one.” 
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ADVISORY COMMITTEE OF THE OCCUPATIONAL HEALTH PROGRAM 


Annual Meeting 


The advisory Committee of the Occupa- 
tional Health Program held its Annual Meet- 
ing in Cincinnati on Oct. 5 and 6. Com- 
mittee work was divided between three 
subcommittees—on Technical Programs, 
Public Relations, and Occupational Health 
Activities—to speed the handling of a heavy 
schedule. The results of the work of the three 
subcommittees were then reviewed by the 
entire committee. 


On Oct. 5, the full committee met in the 
Sheraton-Gibson Hotel to hear reports on 
1955 activities. These were presented by 
Dr. Seward E. Miller, Chief, Special Health 
Services, and Henry N. Doyle, Chief, Oc- 
cupational Health Program. Later, the same 
day, the subcommittees gave their attention 
to specific parts of the Occupational Health 
Program’s work in the past year and plans 
for the future. 

On the following day, Oct. 6, the entire 
committee met in an all-day session to review 
subcommittee reports. In the accompanying 
picture, the Advisory Committee is shown 
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with the chief of the Occupational Health 
Program. Clockwise, around the table are 
Eric Peterson, General Secretary-Treasurer, 
International Association of Machinists; 


Dr. William A. Sawyer, former Medical 
Director of the Eastman Kodak Company ; 
Dr. Max Burnell, Medical Director, General 
Motors Corp.; Dr. Robert A. Kehoe, Direc- 
tor, Department of Preventive Medicine and 
University of Cincinnati 


Industrial Health, 


College of Medicine; Henry N. Doyle, Chief, 
Occupational Health Program; Dr. William 
P. Yant, Director of Research and Develop- 
ment, Mine Safety Appliances Company, 
Committee Chairman; Mrs. Tula S. Brocard, 
Executive Secretary to the Committee; Dr. 
Daniel J. Bergsma, State Commissioner of 
Health, New Jersey Department of Health; 
Miss Marion E. Martin, Commissioner, 
Department of Labor and Industry of Maine ; 
Mrs. Mildred Dunn Thomas, Supervisor of 
Nursing Service, Merck and Company, and 
T. Marcus McClellan, Vice President, Birm- 
ingham Paper Company. 
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SOLVENTS 


A Review 


The last few years have witnessed a grati- 
fying trend in the approach to the develop- 
ment, marketing, and use of safer solvents. 
Solvents represent a major source of haz- 
ardous exposure of industrial workers. Their 
injurious effects range from dermatitis to 
extreme hazards of explosion, fire, and seri- 
ous or fatal injuries. Awareness of the haz- 
ards of solvent use has greatly increased in 
recent years because of the increase in toxico- 
logic information and education on the risks 
involved, 

This knowledge has served to curtail the 
use of many of the more hazardous solvents. 
The highly flammable solvent is now less 
commonly used without mixing in a. nonflam- 
mable component. The seriously toxic ben- 
zene is restricted to limited and controlled 
uses, and the less hazardous toluene or xylene 
substituted for it. Several safer chlorinated 
hydrocarbon solvents are now substituted for 
carbon tetrachloride. 

The hazards of carbon tetrachloride are 
considered so great that some companies have 
forbidden its use. Others permit use of CCl, 
only under experienced supervision or limit 
usage to small quantities. Unauthorized or 
flagrant use still persists, however, as two 
recent excellent reviews testify.* 

Supportive treatment of severe CCl, in- 
toxication now emphasizes, in addition to that 
for liver injury, the management of renal 
tubular damage, with its possibilities of pul- 
monary edema and potassium intoxication. 
Death frequently results from the last. It is 
now clear also that many of the severe and 
fatal cases of poisoning involve chronic alco- 
holics or persons who have ingested alcohol 
prior to, during, or after CCl, exposure. 


This is the first in a series of reviews of indus- 
trial toxicology prepared by Dr. Stokinger. 

Chief, Toxicological Services, Occupational 
Health Field Headquarters, U. S. Public Health 
Service, Cincinnati. 

* References 1 and 2. 
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Despite the known potentiation of toxicity 
of halogenated hydrocarbons by alcohol, the 
chief approach to safer solvents is the use 
of chlorinated hydrocarbons of lower toxic- 
ity than CCl, namely, trichloroethylene 
(TCE),*® perchloroethylene,* and, more re- 
cently, methyl chloroform,’ whose threshold 
limit values respectively are 290, 200 and 
500 ppm, in comparison with 25 ppm for 
CCl, These threshold limits provide a 
rough indication that some hazard remains 
even with the use of these substitutes. Cases 
of fatal exposure to TCE have been reported ° 
hut exposures were far in excess of the 
threshold limit, presumably several thousand 
parts per million. Study is being given the 
excretion products of TCE, especially tri- 
chloroacetic acid (TCA)* as a measure of 
exposure, but the results and interpretations 
are complicated by the variability of the 
capacity of the liver to metabolize the TCE. 
Some authors conclude that TCA cannot be 
used as a simple test of exposure to TCE.* 

Another solvent, methylal (dimethoxymeth- 
ane), of relatively low toxicity, with a thresh- 
old limit approximating 1000 ppm,” appears 
to have received less attention and use, pos- 
sibly because of its high volatility and flam- 
mability. 

Other approaches have been made toward 
so-called “safety” solvents. One such ap- 
proach is the use of the azeotropic mixture,"” 
whereby a constant boiling point for all com- 
ponents is achieved. This has the practical 
advantage that the vapor from the mixture 
has the same composition as the original mix- 
ture, thus permitting a more exact knowledge 
of the composition of the exposure vapors 
and preventing the disproportionate build-up 
of vapor concentrations of the more volatile 
substances. 

The use of solvent mixtures as a substitute 
for the single solvent is now common with all 
producers, the components of the mixture 
being selected for their nonflammability and 
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lowered toxicity. A typical solvent mixture 
now on the market is methylene chloride 
25%, perchloroethylene 5%, and Stoddard 
Solvent 70%, having a threshold limit ap- 
proximatelv 500 ppm. 

Associated with the use of solvent mixtures 
is the question of the synergistic effect of the 
combination wherein the total toxicity may 
be greater than the sum of that of each com- 
ponent. Such effect is believed to occur from 
mixed exposures to methyl! alcohol and meth- 
ylene chloride, from carbon monoxide, many 
of the halogenated hydrocarbons and other 
mixed solvents. LaBelle! has shown that 
particulate may enhance, de- 
crease, or have no effect on the toxicity of 
a vapor, depending on its nature. 

The same worker ** showed also that the 
toxicity of a solvent mixture of eight compo- 
nents was essentially that of its chief (55%) 
component, methylethylketone. Likewise, 
McCollister,** working with various fumigant 
mixtures of ethylene dichloride and dibromide 
and CCl, showed that the toxicity of the 
mixture could be mathematically predicted 
from the composition, i. e., no synergistic 
effect. Thus, whereas one should always be 
mindful of the possibility of synergistic effects 
of mixtures, synergism is by no means a con- 
sequence of exposure to a mixture. 

A new group of “OXO” solvents, so called 
from the process that adds oxygen to unsatu- 
rated olefins to make a series of unsaturated 
aldehydes and alcohols, is now being mar- 
keted. Among their many uses, they will have 
large application as paint and varnish sol- 
vents, as components in safety glass, and 
as vitamin intermediates. Price margins in 
this field being small, and purification being 
costly, mixtures of these ““OXO” solvents 
may be encountered more frequently in the 
coming years. 

A number of solvents are used as vaporiz- 
ing liquids for fire extinguishers. CCl, is by 
far the commonest and most important ; how- 
ever, other halogenated hydrocarbons are 
being introduced as replacement for, or in 
combination with CCl,.'* Of the newer vapor- 


substances 
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izing liquids, chlorobromomethane has re- 
ceived the widest usage. Hazards of this 
liquid are somewhat less than that of CCly,’” 
the main advantage of the former in firefight- 
ing being that CH2C1Br can be used at lower 
temperatures and is not so corrosive to metal 
extinguishers. 


STOKINGER, PH.D. 
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THE DEVELOPMENT OF THRESHOLD LIMIT VALUES 


It was apparent early in the study of 
industrial hygiene problems that, if the study 
and control of health hazards in industry 
was to be conducted on a scientific basis, 
the development of entirely new types of 
instruments and methods would have to be 
undertaken. The would have 
to be capable of quantitative collection of 
minute amounts of materials from the air, 


instruments 


and the procedure of analysis would have to 
be modified or developed for the accurate 
determination of these materials. With the 
development of such instrumentation came 
the desperate need for benchmarks or thresh- 
old limits for use in the evaluation and con- 
trol of hazardous conditions. Although more 
and more information on the subject was 
beginning to appear in the literature, there 
was a need for organized assembly of data. 
To meet this need, governmental workers 
in the field of industrial hygiene planned 
to meet annually to discuss their problems. 

At the first annual Conference of Govern- 
mental Industrial Hygienists, held at Wash- 
ington, D.C., on June 27 to June 29, 1938, 
committees were established for carrying 
out the various phases of the conference 
work. It was decided that one of the im- 
portant objectives of the conference would 
be to collect and make accessible to all in- 
dustrial hygiene workers such information 
and data as might be of assistance to them 
in the proper fulfillment of their duties. The 
first Committee on Technical Standards had 
as its chairman Theodore Hatch, and it had 
the following members: A. N. Setterlind, 
Dr. H. F. Easom, Dr. L. T. Fairhall, and 
Dr. L. E. Judd. At first, this committee 
was primarily concerned with the develop- 
ment of sampling and analytical methods 
applicable to the field of industrial hygiene. 
[45] 


At the 1940 conference of Governmental 
Industrial Hygienists, at Bethesda, Md., it 
was decided that threshold limit development 
work be included as one of the duties of the 
Committee on Technical Standards. 

At the 1941 meeting in Washington, the 
Committee on Technical Standards was 
composed of two sections, a subcommittee 
on threshold limits and a subcommittee on 
standard methods. Up to this time the sub- 
committee on threshold limits had not begun 
to function. It was suggested that a chair- 
man would be appointed by this subcom- 
inittee, anticipating a coordinating job, be- 
cause of the many groups which appeared 
to be concerned with the problem of setting 
up threshold limits. The American Standards 
Association, the United States Public Health 
Service, the National Conference of Govern- 
mental Industrial Hygienists, and several 
of the state industrial hygiene units were 
already concerned with the development of 
values or limits to serve as benchmarks in 
evaluation and control work. It was sug- 
gested that all this information be digested 
and reported to the conference. At the 1942 
conference the subcommittee on threshold 
limits submitted its first report in the form 
of a table of maximum allowable concen- 
trations of atmospheric contaminants. The 
table was prepared from lists furnished by 
the various state units. It was not considered 
to be complete because some states did not 
reply. Other states indicated that they used 
a list which had been furnished by the United 
States Public Health Service but which had 
become obsolete. 


The first list was presented with the 
suggestion that it “‘not be construed as 
recommended safe concentrations. The ma- 
terial is presented without comment.” The 
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first table was, in reality, a compilation of 
values being used by the various state in- 
dustrial hygiene units and included data 
on 86 vapors, dusts and fumes, and radia- 
tion. Reference was made in another section 
of this table to the standards which the Z37 
Committee of the American Standards Asso- 
ciation had prepared on carbon monoxide, 
hydrogen sulfide, carbon disulfide, and ben- 
zene. Also mentioned was the work then 
in progress on standards for nitrous gases, 
carbon tetrachloride, mercury, chromic acid, 
chromates, lead, formaldehyde, and toluol. 
Emergency standards had been completed 
for cadmium and proposed for manganese, 
ether, arsenic, antimony, zinc, and xylol. 


In 1943 and 1944 the activities of the 
conference were confined almost entirely to 
wartime activities. No formal report of the 
Technical Standards Committee was made. 


At the eighth annual meeting, held in 
Chicago in 1946, a list of MAC values 
was presented to the conference for use 
during that year, with the definite under- 
standing that it be subject to annual revision. 
The values were compiled from the list pre- 
sented at the 1942 meeting, from those 
values published by Warren Cook in Jndus- 
trial Medicine in 1945, and from the pub- 
lished values of the Z37 Committee of the 
American Standards Association. This list 
contained threshold limit values for 1950 
atmospheric contaminants. It was at this 
meeting that a definite Committee on Thresh- 
old Limits was suggested and a motion 
was voted upon and carried. 


At the Buffalo meeting, in 1947, the vari- 
ous problems with respect to the adoption 
of threshold limit values were discussed and 
presented to the conference. Dr. Lawrence 
T. Fairhall, who was chairman of the com- 
mittee, continued to serve in this capacity 
for four years, during which time new values 
were added to the list and changes were 
made in others as more information became 
available. At the 1950 meeting, in Chicago, 
the committee presented reference material 

‘umenting many of the listed threshold 
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limit values. Since that time, additional 
reference material has been compiled and 
made available to conference members and 
to others who have requested copies. It has 
become the policy of the committee to pro- 
vide documentary material on all new values 
presented to the conference for consideration 
and adoption. 


As to the purpose and application of 
threshold limit values, the conference ex- 
plains the intended use of these values quite 
clearly in its guide for uniform industrial 
hygiene codes or regulations, which was 
issued by the American Conference of 
Governmental Industrial Hygienists, April 
1949. This is as follows: 


As defined in this code, maximum concentration 
is that amount of atmespheric contaminant which 
can be tolerated by man for continuous daily ex- 
posure with no impairment of health or well being 
immediately or after years of exposure. The 
specific figures listed refer to average concentrations 
of an 8-hour work shift as a maximum which is 
not to be exceeded even momentarily. The amount 
to which these figures may be exceeded for short 
periods during the work day depends upon a number 
of factors such as the nature of the contaminant, 
whether very high concentrations even for short 
periods produces acute poisoning, whether the 
results are accumulative, the frequencies at which 
high values occur and for what periods of time. 
All must be taken into consideration at arriving at a 
decision as to whether a hazardous situation is 
deemed to exist. 


Among the duties of the Committee on 
Threshold Limits is the annual review of 
listed values, recommending any changes 
or additions which may be indicated, and the 
annual publication of the revised list. Con- 
stant review of the literature for new in- 
formation on industrial toxicology is essen- 
tial in carrying out this work, but equally 
important is the exchange of information 
among industrial physicians, epidemiolo- 
gists, industrial hygiene personnel, and others 
engaged in the study and control of health 
hazards in industry. Those who have been 
engaged in the field of industrial hygiene 
over the years realize fully the importance 
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of keeping the development of this type of 
information up to date and are encouraged 
to report observations and experiences to 
the Committee on Threshold Limits of the 
American Conference of Governmental In- 
dustrial Hygienists. Specifically, the type 
of information wanted is the names of sub- 
stances on which limits are needed, and, 
where possible, suggested limits with docu- 
mented evidence for these limits arising out 


NURSING FELLOWSHIPS 


February 1, 1956, has been set as the dead- 
line for applications for National League for 
Nursing fellowships, made possible through 
a grant from the Commonwealth Fund. The 
purpose of the fellowship program is to assist 
nurses of proved ability to secure advanced 
preparation needed for administrative and 
faculty positions in nursing service and nurs- 
ing education. Additional information and 
application forms may be secured by writing 
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of plant or experimental experience, to be 
submitted to the Committee for review. 


ALLAN L. CoLEMAN, Chairman, 
Committee on Threshold Limits, 
American Conference of Govern- 
mental Industrial Hygienists, 
State Department of Health. 
State Office Building, 


Hartford 15, Conn. 


to the National League for Nursing, Inc., 
2 Park Avenue, New York 16, N. Y. 

}ecause of the extreme shortage of quali- 
fied nurses to function in occupational health 
programs at the administrative, consultant, 
and faculty level, it is hoped that interested 
nurses will take advantage of this opportunity 
to obtain advanced training in the occupa- 
tional health nursing field. 
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A HOMEMADE MICROPIPETTE CONTROL 


A simple apparatus to provide precise 
control of the liquid level in a micropipette 
was needed and subsequently was made in 
the machine shop of the U. S. Public Health 
Service, Occupational Health Field Head- 
quarters, Cincinnati. 

The original control mechanism and others 
like it are routinely used to transfer exact 
volumes of standard and sample solutions 
to spectrographic electrode craters. 

The screw-drive on the control not only 
gives great accuracy in transferring exact, 
minute quantities of liquid but also makes 
the job easier and less vulnerable to error 
on the part of the technician. 

The screw-driven plunger of the control is 
turned from 14-in. diameter brass bar stock. 
The piston end is %4, in. in diameter and 


13% in. long. The screw thread is %g¢ in.-24 
and 1% in. long. 

The body of the control is of *4-in. brass, 
2 in. long, drilled through for a loose fit 
on the piston end of the plunger, then counter- 
bored to 0.383 in. to a depth of % in. and 
threaded % in.-20 for the packing nut which 
supports the plunger. 

Beyond the counter bore the body is 
turned down to 0.281 in. diameter for about 
%-in. length to fit the rubber tubing which 
connects the control to the micropipette. 

The packing nut, 1%, in. long, is made 
of % in. O. D. brass with an external thread 
4 in.-20 to fit the body of the control and 
drilled and tapped through %¢ in.-24 to re- 
ceive the plunger. After the drilling and 
tapping of the packing nut, about 1 in. of 
the internal thread is drilled out to allow 
smoother operation with less drag. To reduce 
interference caused by imperfect threads, 
three or four threads are turned off the 
bottom of the packing nut. 

To give an airtight seal, a compression 
washer is turned 0.380 in O. D. and drilled 
to 0.190 in. I. D. The washer is 4, in. thick. 

-A rubber gasket was used under the com- 
pression washer in the original model, but 
this was found to be unsatisfactory, since it 
jammed and tended to reverse the turning 
motion of the plunger. 

In later models, a piece of cotton string, 
saturated with soft grease, was wrapped 
around the plunger between the compression 
washer and the end of the counter-bore. 
This gave a smooth-acting airtight seal. 


Oscar MARSH 

U. S. Public Health Service, 

Occupational Health Field 
Headquarters, 

Cincinnati. 
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